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Endophytic are microorganisms that are located within the host tissues, often bacteria and 
fungi, they have many forms of relationship with the host. Additionally, they have symbiotic 
relationship with the host, which may be mutualistic, parasitic and in commensalism. Parasitic 
endophytic fungi cause diseases and reduces the fitness of the host; in a mutualistic relationship 
both the host endophyte benefit from each other and commensalism the host may benefit and 
or the endophyte and the other does not benefit nor cause harm. Fungal endophytes are found 
within the host tissues, without causing any apparent diseases and are a rich source of bioactive 
metabolites. Moreover, they have proven to improve the health of host against abiotic and 
biotic stresses and exhibited to protect the plant from attacks by herbivores and insects. 
Endophytes produce bioactive chemicals that are potent source of novel natural products, 
useful in different sectors of pharmacology, agriculture, medicine, textile and biofuel. In the 
present study, fungal endophytes were isolated, characterised and identified from an alien weed 
Solanum mauritianum Scopoli and tested against pathogenic microorganisms. Secondary 
metabolites were synthesized from endophytes, screened for the presence of phytochemical 
and antimicrobial activity against pathogenic microorganisms that includes the two 
mycobacterium species, Mycobacterium bovis and Mycobacterium smegmatis. Secondary 
metabolites were then identified, with gas chromatography high resolution time-of-flight mass 
spectrometry GC-HROTOF-MS and liquid chromatography quadrupole time-of-flight mass 
spectrometry LC-QTOF-MS. 
Plant material of Solanum mauritianum Scop. was collected from the garden at the University 
of Johannesburg and endophytes were isolated from the plant tissues and identified using 
morphological traits and internal transcribed spacer ribosomal-deoxyribonucleic acid (ITS-
rDNA) sequence analysis. The fungal endophytes were screened for antimicrobial activity 
using the minimum inhibition concentration (MIC) and Disc diffusion method against 
pathogenic microbes Bacillus cereus (ATCC 10876), Bacillus subtilis (ATCC 11774), 
Escherichia coli (ATCC 10536), Klebsiella oxytoca (ATCC 8724), Klebsiella pneumoniae 
(ATCC 10031), Staphylococcus aureus (ATCC 6571), Pseudomonas aeruginosa (ATCC 
10145), Mycobacterium bovis (ATCC 27290) and Mycobacterium smegmatis (ATCC 607). 
Phytochemical screening was also conducted on the fungal endophyte’s crude extracts to 
screen for alkaloids, cardiac glycosides, flavonoids, glycoside, phenols, quinones and saponins.  
Then after, crude extracts were also analyzed using a (GC-HRTOF-MS) system to identify the 
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volatile metabolites. Chemometric methods like Venn diagram, Principal component analysis 
and Orthogonal partial least square-discriminant analysis (PCA/OPLS-DA) were employed to 
present and compare data. Liquid-based compounds were identified with LC-QTOF-MS with 
Compass Hystar and RealTex software for data analysis. 
A total of 9 fungal endophytes of the following genera were isolated and identified: 
Aureobasidium pullulans, Paracamarosporium leucadendri, Cladosporium sp., 
Collectotrichum boninense, Fusarium sp., Hyalodendriella sp., Talaromyces sp., and 
Penicillium chrysogenum (from the leaves and unripe fruits).  We observed inhibition zones in 
the disc diffusion assay from the crude extracts of the fungal endophytes, the biggest zone 
observed was 23±2.7 mm from Fusarium sp. against Pseudomonas aeruginosa and the smallest 
zone was 6.7±0.6 mm from Hyalodendriella against Mycobacterium smegmatis. The results 
we observed on the MIC that showed greatest inhibitory activity, was observed with P. 
leucadendri at 6 µg/ml that showed the lowest MIC against K. pneumoniae, P. aeruginosa and 
M. bovis. GC-HRTOF-MS were able to identify 991 compounds from 8 fungal endophytes. 
The most abundant secondary metabolites were observed with Cladosporium sp. (23.8 %) had 
the highest number of compounds, compared to Paracamarosporium leucadendri (1.7 %) and 
Talaromyces sp. (1.5 %). Some of the identified volatile compounds such were eicosane, 2-
pentadecanone, 2-methyloctacosane, hexacosane and tridecanoic acid methyl ester and they 
had antibacterial activity. LC-QTOF-MS a number of bioactive compounds with antimicrobial 
activity, were identified L-Cladinose a microlide antibiotic, Lachnophyllum ester, Rishitin and 
Seiricardine A on Paracamarosporium leucadendri; 1,8-Diazacyclotetradecane-2,9-dione, L-
Ascorbic acid, 6-octadecanoate and Ochrolifuanine A an anttiplasmodium compound 
identified from Penicillium chrysogenum (L) and lastly Fusarium sp. revealed a novel 
compound2-nitroimidazo[2,1-b][1,3]oxazole that is responsible for the inhibition of 
Mycobacterium species. 
About nine fungal endophytes were successfully isolated from Solanum mauritianum Scop. 
The fungal endophytes crude extracts had antibacterial properties against the screened 
pathogenic microorganisms which included two strains of Mycobacteriaceae, this shows that 
it has the potential to inhibit Mycobacterium tuberculosis. Phytochemicals were detected in the 
crude extract from fungal endophyte and volatile organic compounds were detected which gave 
us the chemical profile of the fungal endophytes. Compounds were identified with two 
powerful tools GC-HRTOF-MS and LC-QTOF-MS revealed compounds that have 
iv 
 
antimicrobial and antimycobaterial properties, other compounds were identified to have 
potential in different fields in agriculture, pharmaceuticals and therapeutic industries.  
It would be of great importance if further studies are conducted to elucidate their role in the 
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Different chapters of the thesis will be discussed as described below. Chapters are written and 
arranged in the presentation of an article, with the aim to submit for publication. 
 
Chapter One: General introduction 
This chapter introduces the dissertation, providing the general overview of the research. It 
introduces the background of the study, by describing the problem statement that is 
investigated; identifying the gaps of knowledge and highlighting hypothesis, aim and 
objectives of the study. 
 
Chapter Two: Literature review 
This chapter provides relevant information about fungal endophytes and their importance, and 
the secondary metabolites that are of importance in the scientific world of research. Most 
importantly it focuses on the fungal endophytes secondary metabolites ability to inhibit 
pathogenic microorganisms.  These fungal endophytes were isolated from the medicinal plant 
that has adapted as weed in South Africa, Solanum mauritianum Scop. Some of the work done 
on the research has been published with International Journal of Environmental Research and 
Public Health. 
 
Chapter Three: Diversity and antimicrobial activity of culturable fungal endophytes in 
Solanum mauritianum. 
This chapter describes the methods used for the isolation, of fungal endophytes from plant 
material. It also explains how the endophytes were identified, using molecular genetics. 
Moreover, how to characterize fungal endophytes, how to synthesize secondary metabolites 
from fungal endophytes. It also explains the activity of the bioactive secondary metabolites. 




Chapter Four: Chemotaxonomic profiling of fungal endophytes of Solanum mauritianum. 
(alien weed) using gas chromatography high resolution time-of-flight mass spectrometry (GC-
HRTOF-MS). 
In this chapter the crude extracts that were extracted from the isolated fungal endophytes, and 
they were analyzed to identify the secondary metabolites. Identification of compounds that are 
present in the bioactive crude extracts that inhibited two mycobacterial species, four Gram-
negative and two Gram-positive microorganisms was conducted. Phytochemical screening was 
also conducted, and volatile compounds were identified.  
 
Chapter Five: Bioprospecting endophytic fungi from Solanum mauritianum Scopoli as 
reservoir of bioactive metabolites.  
In this chapter, liquid chromatography was conducted on the fungal endophyte crude extracts. 
The method is described, discussion and conclusions are drawn on the compounds identified. 
 
Chapter Six:  Discussion and Conclusion. 
This chapter discusses the findings, summaries of the results. Recommendations are provided 
















This chapter introduces the present study and highlights the problem statement, justification, 
hypothesis, aim and objectives of the study. 
 
1.1 GENERAL INTRODUCTION 
Solanaceae family, also known as nightshades, represent the most important plants 
economically and medicinally in the group of angiosperms (Chowanski et al., 2016; Jayakumar 
and Murigan 2016; Ekhuya et al., 2018). The plants of the genus Solanum have been used for 
treatment of various ailments, and as vegetables, and have a significant role as in food security 
(Ekhuya et al., 2018). Solanaceae has diverse family members, comprising approximately 
about 90 to 100 genera and about 2000 to 4000 species (Nazari and Ghorbani, 2017) distributed 
in different regions of the subtropical, tropical regions and high rain regions worldwide 
(Hakizimana and Olckers, 2013; Jayakumar and Murugan, 2016). There are different types of 
Solanum species are used in different fields like agricultural, pharmaceuticals and horticulture. 
They include the following genus: Lycopersicon represented by tomatoes; Capsicum genus in 
the form of different peppers and chili peppers, bell peppers, jalapeno peppers, paprika and 
tabasco; genus Physalis is exemplified by tomatillo; genus Solanum by potatoes and eggplants; 
genus Nicotiana by tobacco; In the genus Atropa we find belladonna, while genus Petunia is 
represented by the petunia flowers (Nazari and Ghorbani, 2017).  
 
Characteristics of the members of the nightshade family, include flowers, which are solitary 
and bisexual, with five petals (rarely 3, 4 or 6) united or separated, sepals, 5 stamens, they have 
two united carpels with a partition wall, which may be obvious in wild species than domestic 
species and leaves (Glimn-Lacy and Kaufman, 2006). The Solanaceae family is known to 
contain alkaloids, and they are toxic in excess, but toxicity varies from plant to plant and some 
are extremely poisonous (Yuan et al., 2018). Some of these deadly, poisonous plants are source 
of some of drugs such as nicotine, atropine see Fig. 1.1(1 and 2), and hyoscine (Egan et al., 
2015). Scopolamine at present is used medicinally to treat vertigo or seasickness (Klöcker et 
al., 2001; Yarnell, 2016) see Fig 1.1(3). Atropine is used as treatment for nerve gas attacks 
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(Kozak et al., 2003; Lakstygal and Kolesnikova, 2018). Many species of this family are 
narcotic (Stanton et al., 2009).  The S. mauritianum has medicinal properties, mostly 
containing alkaloids (Hameed and Hussain, 2015). It contains compounds that are of 
importance in the pharmaceutical industry, converted to steroid drugs, some of the compounds 
are steroidal alkaloids (Wang et al., 2017), e.g. solasodine in Fig. 1.1(4) (Jayakumar and 




Figure 1.1: Some of the important compounds of Solanaceae, nicotine (1), atropine (2), 
scopolamine (3) and solasodine (4). 
 
Nightshade such as Atropa, Datura, Hyoscyamus and Mandragora are utilized for their 
analgesic properties, they have the ability to numbs body pain; they are also used as sedatives 
and as depressants but can cause hallucination effects (Lee, 2007; Shah et al., 2013; Ademiluyi 
et al., 2016; Al-Snafi, 2018). They have been reported to have side effects, resulting in different 
types of symptoms, such as dilation of pupils, hallucination, coma, convulsions, unquenchable 
thirst and on the extreme is death through hallucination. (Shah et al., 2013). 
 
At present in South Africa Solanum mauritianum Scop. one of many Nightshade species, is 
facing threats of eradication and erosion. Biological controls have been attempted to control or 






countries (Olckers, 2011). Reports suggest that the nightshade Solanum mauritianum Scop. 
species is native to America (Cowie et al., 2018). 
 
Most plants contain endophytes which are said to produce secondary metabolites for the plant 
to protect it or assist with growth (Jia et al., 2016). Endophytes produce secondary metabolites 
of importance that are used in the pharmaceutical industry (Ralphs et al., 2008). Plants 
endophytes may be bacteria or fungi, they inhabit a healthy plant tissues ether intracellularly 
or intercellularly, without causing any apparent symptoms of disease (Fouda et al., 2015). Plant 
microbes are plant microorganisms (actinomycetes, archae, bacteria and fungi and protist) that 
live within the plant cells without causing any damage to the cells, also known as endophytes 
(Fouda et al., 2015; Arora and Ramawat, 2017). These microorganisms have a significant 
symbiotic relationship with the plant, some may be parasitic, they cause diseases and damage 
to the plant (Zhao et al., 2010), some commensalism, and others have mutualistic relationship, 
they are present in the plant without causing any damage to the cell, even though is not yet well 
understood but plant benefits from them (Arora and Ramawat, 2017). 
 
Many leaves contain several numbers of bacterial and fungal endophytes, which are present 
within the plant and they do nothing to reveal their presents, yet they remain alive and become 
active once the leaf dies and drops to the ground. Some cause the plant to be very toxic (Bieri 
et al., 2009) by producing toxic secondary metabolites. It is believed that plants use endophytes 
indirectly to defend themselves against other plants pathogens, herbivores, abiotic and biotic 
stress. They also have an influence on the plant growth and development which includes 
enzymes and hormones (Hardiom et al., 2015). Fungal endophytes produce secondary 
metabolites that mediate the plant mechanism, and this metabolite are useful resources for 
natural products which have a wide range of application in the agriculture, and medicinal 
industries (Shan et al., 2012; Arora and Ramawat, 2017). 
 
Pathogenic microorganisms remain the leading cause of death in human’s life, old and new 
diseases or infections are always emerging causing a global burden. Respiratory infections, 
HIV/AIDS, Diarrheal disease, Tuberculosis, Malaria, Meningitis, Hepatitis B and C and 
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Tropical parasitic diseases are some of the leading diseases that cause of death of millions of 
people around the world (Morens et al., 2004). 
 
In the present study we will be observing the ability of secondary metabolites synthesized by 
fungal endophytes of Solanum mauritianum Scop. in combating the pathogenic 
microorganisms including those that cause Tuberculosis.  
 
1.2 Problem statement 
Medicinal plants have been in existence for decades and used by traditional healers to cure 
diseases or aliments. Many African counties still rely on medicinal plants to date, South Africa 
has a strong history of using indigenous plants, especially used by traditional healers (Street 
and Prinsloo, 2012). Numerous studies have reported on the importance of chemical profile 
and composition of medicinal plants, they have various and complex compounds and secondary 
metabolites that contribute to the plants various uses in treating a number of illnesses (Street 
and Prinsloo, 2012; Mahomoodally, 2013). However, some medicinal plants are facing 
extinction because of over harvesting, high demands and they are under extreme pressure for 
local and export market (Street and Prinsloo, 2012). Hence, the need for alternative supply of 
bioactive compounds and secondary metabolites. We have considered exploring fungal 
endophytes, since they are known to produce similar, if not the same compounds as the host 
plant (Rodriguez et al., 2009). 
 
In the present study we focused on fungal endophytes as an alternative to medicinal plants. 
Fungal endophytes are found within the cell and tissues of plants, without causing any harm to 
plant or causing any apparent diseases (Nair and Padmavathy, 2014, Hardoim et al., 2015, Jia 
et al., 2016, Katoch et al., 2017, Amatuzzi et al., 2018; Omomowo and Babalola, 2019).  
 
Pathogenic microorganisms have been a burden for decades (Morens et al., 2004). Moreover, 
tuberculosis (TB) has been in existence since ancient days, claiming life of many till this very 
day and it continues to claim more. Mycobacterium tuberculosis, the causative agent of 
tuberculosis (TB), it is rod shaped, bacillus, discovered in 1882 by a German physician and 
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scientist Robert Koch, (Cambau and Drancourt, 2014). Although there are many drugs 
available to treat TB, it continues to claim more lives each year and has developed resistances 
to many drugs (Habeeb et al., 2020). There is always a need for rationally developing new anti-
tuberculosis agents to treat this worldwide epidemic of TB.  
 
1.3 Justification 
Africa rely on traditional medicine to treat ailments, most people depend on what is available 
at a cost-effective price, the synthetic drugs to treat pathogenic microorganisms, such as 
Tuberculosis (TB) are expensive. People in rural settlements they can’t afford such treatments 
and in other places there isn’t even medical facilities nearby. Medicinal plants are the available 
source to such communities, and at present medicinal plants are overharvested, to a point of 
depletion. Hence, the study focuses on plant endophytes, especial the fungal endophytes as 
source of bioactive compounds for drug discovery. 
 
1.4 Hypothesis 
Solanum mauritianum Scop. an invasive weed in South Africa, harbors fungal endophytes that 




The aim of the present study is to isolate fungal endophytes from Solanum mauritianum Scop., 
identify and characterize them to species level and further, synthesize secondary metabolites 
from the isolated fungal endophytes. The secondary metabolites will be isolated, identified and 
screened for antimicrobial and anti-mycobacterial activity and the secondary metabolites of 
interest will be further test for toxicity, anti-inflammation, mycobacterial activity. 
 
1.6 Objectives 
1. To isolate, identify and characterize fungal endophytes present in the S. mauritianum. 
2. To obtain crude extracts of Solanum mauritianum Scop. and and isolated fungal 
endophytes, using organic solvents (ethyl acetate, chloroform,) and to evaluate the 
extracts anti-mycobacterium and anti-microbial properties. 
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3. To extract and purify the active secondary metabolites from the extracts of interest from 
fungal endophytes extracts. 
4. To compare the secondary metabolites of the plant extract to secondary metabolites of 
the fungal endophytes. 
5. To qualitatively determine the chemical constituents using gas chromatograph high 
resolution time-of-flight mass spectrophotometer (GC-HRTOF-MS) and Liquid 
chromatography quadrupole time of flight mass spectrophotometer (LC QTOF MS). 
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2. LITERATURE REVIEW 
 
2.1 INTRODUCTION 
Plants have been in use since the ancient times to heal the sick or infected (Van Wyk, 2015), 
over the year’s mankind advanced in discovering, manipulating and the synthesis of more 
healing properties of plants and documented them, till to date (Agyare et al., 2016). About 80% 
of the world population rely on medicinal plants (Manoharachary and Ngaraju, 2016). Trading 
of medicinal plants is a source of income for rural developments in Africa (Van Andel et al., 
2015).  Medicinal plant still strives to provide valuable therapeutic agents in both traditional 
system and modern medicinal system (Mahomoodally, 2013). Numerous studies have reported 
on the importance of chemical profile and composition of medicinal plants (Bobis et al., 2015; 
Lee et al.,2015; Dhami and Mishra, 2015; Hao et al., 2015; Cheung et al., 2017). Medicinal 
plants have varieties and complex compound, or secondary metabolites that contribute to the 
plant’s variety uses in numerous diseases (Street and Prinsloo, 2012). However, some 
medicinal plants are facing extensive depletion, because of high demands and are under 
extreme pressure for local and export markets (Van Andel et al., 2015; Chen et al., 2016).  
 
Hence, there is a need for alternative supply of secondary metabolites. In the present study we 
are exploring how fungal endophytes can be of benefit in the medical fraternity concerning 
pathogenic microorganisms including tuberculosis (TB). Fungal endophytes are found within 
the tissues of plants, intercellular or intracellular as seen in Fig. 2.1 (Martin et al., 2013; Bacon 
and White, 2016). They are known to produce the same metabolites or secondary metabolites 
as the host plant (Fouda et al., 2019) even more. Fungal endophytes can synthesize secondary 
metabolites that are noteworthy, that have antimicrobial activity, anti-cancer, antioxidants, 
anti-inflammatory and antifungal activity (Cui et al., 2015; Chen et al., 2016; Malhadas et al., 
2017; Chen et al., 2018; Deshmukh et al., 2018). According to our knowledge, it is the first-
time fungal endophytes have been isolated and identified from Solanum mauritianum Scop. 
specie. Solanum mauritianum Scop. is a medicinal plant that is viewed as weed in South Africa 
and is facing eradication. Moreover, pathogenic microorganisms have been a problem in 




Figure 2. 1: Intracellular and intercellular mycelium in plant tissues (Kusariand and Spiteller, 
2012). 
 
In this chapter fungal endophytes gives a close analysis of antimicrobial activity against 
pathogenic microorganisms Bacillus subtilis, Escherichia coli, Klebsiella pneumoniae, 
Staphylococcus aureus, Mycobacterium bovis, Mycobacterium smegmatis and Proteus 
aeruginosa. Solanum plants and their characteristics and broad spectrum of antimicrobial 
activity. It is also important to look at fungal endophytes, as plants are facing pressure of being 
over harvested. Secondary metabolites have the ability to inhibit pathogenic microorganism, 
some pathogenic microorganisms have been in existence since ancient time till to date, mostly 
tuberculosis (TB) and it will be investigated and its causative agent. 
 
2.2 Solanaceae family 
Solanales known as the largest and diverse genus, it is distributed into 5 families the 
Conolvulaceae, Hydroleaceae, Montiniaceae, Solanaceae and Sohenocleaceae. This genus has 
two large families that contain some of the most highly cultivated plants which are nightshade 
which are Solanaceae family and morning glories which are Conolvulaceafe family (Eckart 
Eich, 2008; Pigatto et al., 2015). These two families include 4200 species of flowering plants 
(Hodgkiss, 2016), medicinal and food crops. This also includes food crops of high economic 
importance (Olcker and Zimmermann, 1991; Tamokou et al., 2017), tomato peppers, eggplant 
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and potato, it also includes toxic plants like mandrake, belladonna and henbane (Eich, 2008) 
which are used in drugs. As well as numerous plants cultivated for their ornamental flowers 
and fruits (Chowanski et al., 2016, Grant, 2018).  
Domain: Eukaryota 
Kingdom: Plantae 






Species: Solanum mauritianum 
 
 
Figure 2.2: Solanaceae diverse family (Jockers, 2020). 
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Solanum genes has some diverse family members, comprising approximately about 3000 
species (Manrique-Moreno et al., 2014) distributed in the in different regions of the subtropical, 
tropical regions and high rain regions (Hakizimana and Olckers, 2013, Jayakumar and 
Murugan, 2016). Nightshades are important economically and medicinally and are important 
in food production (Chowanski et al., 2016). Some nightshades are known to be toxic and are 
used in medicine (Jimson weed) and drugs (tobacco). Others include edible nightshades 
eggplants, peppers, potatoes, tobacco, tomatoes, number of herbs and spices such as cayenne 
pepper, red peppers, chili powder and paprika Fig. 2.2 (Seguí-Simarro, 2016; Tamokou et al., 
2017). In most country some are staple food, like potatoes (Jayakumar and Murugan, 2016, 
Pearson, 2017).  
 
Solanaceae plants taxa produces highly toxic compounds have an enormous potential in drug 
discovery as they have many compounds some have been discovered and other are yet to be 
discovered (Chowanski et al., 2016). This family produces a wide variety of bioactive alkaloids 
(Muranaka and Saitto, 2010). Alkaloids are most common within the Solanaceae family, they 
are known to have a physiological effect on animals including human (Jirschitzka et al., 2012; 
Chowański et al., 2016). There are, different forms of alkaloids mostly indole alkaloids, 
glycoalkaloids, pyrrolizidine and tropane alkaloids, they are naturally produced as a defense 
mechanism against disease, insects and predators (Almoulah et al., 2017). Steroidal 
glycoalkaloids are a group of glycosidic derivatives of nitrogen-containing steroids that are 
produced in more than 350 plant species, mainly those in the Solanaceae and Liliaceae families 
(Al Sanani and Eltayeb, 2017).  
 
















Figure 2.4: Spirosolane glycoalkaloids in tomatoes, Tomatine (3) and Dehydrotomatidine (4). 
  
Figure 2.5: Steroidal glycoalkaloids of eggplants, Solasonine (5) and Solamargine (6).   
 
Potatoes and tomatoes produce a lot of different glycoalkaloids when they are under stressed 
conditions, glycoalkaloids are used natural defense substance against pathogens and insects. 
Potatoes contain toxic trisaccharide steroidal glycoalkaloids that are derived from cholesterol, 
chaconine (1) and solanine (2) see Fig. 2.3 which gives potatoes the bitter taste, they are mostly 
found in the peel (Friedman and Levin, 2009; An et al., 2019). In tomato plants they occur as 
spirosolane type of glycoalkaloids which are tomatine (3) and dehydrotomatine (4) Fig. 2.4, 
whereas in eggplants they are solasonine (5) and solamargine (6) Fig. 2.5.    
 
2.3 Solanum mauritianum Scop 
Solanum mauritianum Scop. is a shrub, which can grow up to 10 meters in height, with a trunk 
15 to 20 cm in diameter (Cowie et al., 2018).  The whole plant including the fruits are covered 






plant with large, oval, dull grey-green leaves see Fig.2.6. Which are 30 cm long and 15cm 
wide. It produces a cluster of 20 to 80 green spherical berry (fruits) throughout the year see 
Fig. 2.7. which are 1 cm in diameter. The plant produces violet flowers see Fig. 2.8. The fruits 
turn yellow as they mature (Drewes 1993) see Fig.2.7. Since the plant grows fast, it can flower 
and fruit within a year. It is an efficient competitor for space, water, light and nutrients, thus 
being able to replace other plant species and preferred, indigenous vegetation (English and 
Olcker 2018).  
 
Figure 2.6: Plant material that shows Solanum mauritianum Scop. leaves (Jayakuamar and 
Murugan, 2016). 
 
The immature or unripe fruits are known to be poisonous and the main active principle being 
solanine, which causes death if take in large quantities or doses (Cowie et al.,2018). It is 
suspected to be poison to stock, recognized as a potential hazard to human health, as a skin 
irritant and respiratory tract irritant. In some part of South Africa, the ripe fruit are cooked and 
eaten, sometime pounded and fed to domestic doves and the leaves are use as medicine 
(Semenya et al., 2012). Most parts of the plant are not edible, the green parts and unripe fruit 
known to be poisonous to humans but not necessarily to other animals but many species in the 
genus bear some edible parts, such as the fruits (tomato), leaves or tubers (potatoes) (Jordaan 




The fruit produces high levels of seeds (150 seeds) and 98 have a chance of germinating 
(Drewes, 1993), they are capable of producing 100 000 to 200 000 seeds per year (Witkowski 
and Gamer 2008, English and Olcker 2018, Mkhize and Olcker 2019). They are spread or 
dispersed by species that feed on the ripe fruits (Cowie et al., 2018). 
 
 
Figure 2.7: Solanum mauritianum Scop.  showing fruits that appear green when unripe and 
yellow when ripe (Jayakumar and Murugan, 2016). 
 
The seeds are capable of growing in a variety of soil types and habitats. They are able to grow 
in different temperatures as well, as long as they are exposed to the sun, they are capable of 
growing in commercial forestry plantations, farmland, forest margins, grasslands, hinterland, 
savannas, sub-tropical, tropical regions, wetlands, urban, by the road side and railway side 
(Oclkers 1999, Jordaan and Downs, 2012; Cowei et al., 2018). It can survive in dry terrestrial, 
winter, summer (Drewes 1993). Olckers explain that Solanum mauritianum Scop. can survive 
all year round in different habitats (Dry terrestrial, Moist terrestrial, Bank stream, Forest, 
Grasslands, Savanna, Roadsides, Plantation margins and Understoreys,) and moderately can 





Figure 2.8: Solanum mauritianum Scop.  flowers that purple in colour. (Brisbane City 
Council weed identification tool, N.A.). 
 
2.3.1 History 
The tree has been reported to be native or originates from South American, predominantly 
North-eastern Argentina, Southern Brazil, Paraguay, Uruguay and it has naturalised in Africa. 
It was introduced to Africa (Kenya, South Africa, Swaziland and Uganda), Australia, India, 
Cook Islands, Fiji, Madagascar, New Caledonia, New Zealand, Papua New Guinea, Sri Lanka, 
St Helena, and some parts of the North America, including California, Hawaii and Florida 
(Cowie et al., 2018). It is restricted in South Island, it is noted in the coastal regions, it was 
found in Nelson city and some parts of north-west Nelson, the Landcare Research herbarium 
at Lincoln, New Zealand has specimens from Nelson city and Golden Bay. The distribution 
in South Island is constrained by a number of factors like frost sensitive and soil conditions 
may limit its ability to colonise new areas (Cowie at al., 2016). Worldwide, it occurs mostly 
in the high rainfall regions, in South Africa it is a major environmental weed than compared to 
the whole world. It was intentionally introduced in South Africa an ornamental plant and later 
the weed spread and invades natural forests, forestry plantations, banks and rivers, urban open 
space and various disturbed areas (Patrick and Olckers, 2014, Cowie et al 2018). The weed's 
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invasiveness is aggravated by extensive levels of fruiting and secondary distribution of the 
plant, via seed dispersal by frugivorous animals like birds (Drewes 1993).  
 
2.3.2 Common names of S. mauritianum Scop. 
Also known as bugweed, flannel weed, groot bitterappel, igayintombi, isigwayana, kerosene 
plant, luisboom, pua nana honua, pula, rau 'ava'ava, tobacco weed, tree tobacco, umbanga 
banga, wild tobacco, woolly nightshade (Olckers, 1999; Cowie et al., 2018). 
 
2.3.3 Distribution of S. mauritianum Scop. 
Solanum mauritianum Scop. is an invasive species that grows in subtropical and tropical 
regions. The plant grows in areas with high rainfall in South Africa, some studies reported on 
where the plant grows the most in South Africa, Mpumalanga province at Sabie River and 
KwaZulu Natal province, Eastern Cape and Limpompo (Olcker, 2011) Fig 2.9. 
 
 
Figure 2.9: The distribution of S. mauritianum in South Africa (Ockers 1999). 
 
2.3.4 Negative attributes of S. mauritianum Scop. 
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S. mauritianum is confirmed as a poisonous weed in several countries. It has no animal feed 
value (fodder value) and the plant is generally avoided by grazing animals. The unripe fruits 
are poisonous and the velvety (hairy) leaves and stems can cause allergic dermatitis and asthma 
(Jayakumar and Mugugan, 2016). Produces a lot of fruits and per fruit there are lots of seeds, 
which contributes to the long-range seed dispersal. S. mauritianum is considered as a 
moderately invasive in the Cook Islands, but considerably more so in Australia, New Zealand 
and Tonga. It is declared as weed (Category 1) in South Africa and is classified as Class B 
poisonous weed in New Zealand (Cowie et al., 2018). They serve no economic purpose and 
possess characteristics that are harmful to animals, humans and the environment (Cowie et al., 
2018).  
 
Figure 2.10: Biocontrol measure (Cowie et al., 2018). 
 
The negative attributes of S. mauritianum Scop. include, competing and replacement of 
indigenous plants and forest margin. Thus, displacing native vegetation competition with 
young trees in plantations, hindering commercial forestry activities, harbouring agricultural 
pests, inhibiting growth and causing stem deformation, poisoning livestock and providing 
health risks for humans.  (Olckers 2011). S. mauritianum is a host for the fruit fly in KwaZulu-
Natal, which is an economic pest (Cowie et al., 2018; Hinz et al., 2019). The negative attributes 
of the plant have pushed farmers, forests and florists in South Africa to try put the plant under 
control by introducing different methods (see Fig. 2.10), where different provinces are 
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categorised on which area is high priority, low priority and where the plant species has to be 
eradicated. 
 
2.3.5 Control measures against S. mauritianum Scop. 
2.3.5.1 Biological control method 
South Africa was the first country to try the biological methods, it has been spanning for over 
26 years and it has been extended to New Zealand (Olckers 2011; Hakizimana and Olckers, 
2013). It was the first country to test natural enemies which are insects, against Solanum 
mauritianum Scop. Insect species had to be imported from different countries to be tested 
(Olcker and Zimmermann, 1991) see Table 2.1. The biological method was introduced in 1984, 
it was successful, but it had negative impact on other plantations in South Africa. Gargaphia 
decoris a lace bug was imported from Argentina in 1995 (Olckers, 2009). The bug was 
introduced to treat S. mauritianum growth because of its sucking abilities, it has high level of 
sap-sucking, and they are able to reduce chlorophyll on plants. Thus, as results the plant leaf 
suffer from chlorosis, and this results in reduction rate of photosynthesis as well as 
transpiration, this also leads to premature leaf abscission (Witt, 2007). Gargaphia decoris was 
released Sabie 17 years ago, along with predators to keep it under control and the population 
growth remained at low levels. Despite the effort of keeping the insect under control, there was 
an outbreak in 2007 that was reported, the insect attacked had pine plantation (Witt, 2007). 
2.3.5.1 Chemical control method 
Several chemicals are registered and used in South Africa against S. mauritianum the most 
effective and successful herbicides used: fluroxypyr, glyphosate, imazapyr, sulfosate, 
tebuthiuron and triclopyr (Denny and Goodall, 1992, Grobler et al., 2002, Olckers, 2011). 
However, for herbicide to be effective, mechanical methods are employed and used 
concurrently. This includes basal stem treatment by slashing the stem and apply triclopyr and 
fluroxypyr on the stem to supress the roots. For foliar spray, glyphosate, sulfosate, triclopyr 
and fluroxypyr are used to spray seedlings and followed by slashing. The cut stumps are treated 
with triclopyr and imazapyr and soil is treated with tebuthiuron (Denny and Goodall, 1992). 
2.3.5.2 Mechanical control method 
Mechanical control is a process, where the plants are manually or physically controlled. It 
involves hand pulling of seedlings, girdling the bark of the trees, slashing small plants, cut 
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down the stem and hack down of large trees (Witkowski and Garner, 2008). Some of the 
methods used mechanical are expensive, labour intensive. Mechanical methods are not 
sufficient enough for growth control of S mauritianum because all the methods employed live 
behind the roots of the plant and the roots can initiate the regrowth of plant (Denny and Goodall, 
1992). 
2.3.5.3 Integrated control method 
Integrated control method was demonstrated by Denny, it explains that any two control 
methods can be adopted and used together. An example would be a combination of mechanical 
and biological or biological and chemical and chemical and mechanical method to treat weeds. 
There are three stages for the treatment method which include (a) killing standing trees to 
reduce seed production, (b) physically removing seeds and seedlings and (c) oppress the 
seedlings by encouraging native plants to grow. However, biological control is believed to play 
an important role, notably in reducing the weed's excessive seed production. Previously the 
two methods (biological and mechanical) have been used concurrently to control the spread of 
weeds and clearing, the outcomes are not as impactful compared to the biological control 
method alone (Denny and Goodall, 1992).  
Table 2.1 Biological control measures against S. mauritianum introduced into quarantine in 
South Africa. 
Insect name Place of origin Year Reference 
Acrolepia sp. Argentina 1984 Ocklers, 1999. 
Acallepitrix sp. Brazil 1994 Ocklers, 1999. 
Anthonomus santacruzi Hustache Argentina and 
Brazil 
1994 Ocklers 2011. 
Adesmus hemispilus Argentina 1995 Ocklers, 1999. 
Nealcidin bicristatim Brazil 1994 Ocklers, 1999. 
Platyphora spp. Brazil 1994 Ocklers, 1999. 
Gargaphia decoris Drake  Argentina 1995 Patrick and Olckers, 





Despite the efforts of trying to keep S. mauritianum under control, more challenges surfaced. 
The introduction of invasive insects as a biological control to the country, is not a solution but 
an addition to the current food crisis the county is facing. Biological control is not a good option 
to control the spread and growth of S. mauritianum, because of close relativeness to other 
species of Solanaceae family. It affects native plants of economical important (Olckers, 2011). 
The insects had negative impact on nontargeted species, like vegetation, native plants and other 
Solanum plant species which are staple food like potatoes (Valenzuela et al., 2017). The 
biological method is only increasing the negative impact on Agriculture (Cowie, 2016), Food 
production and Food quality (MingJia et al., 2019).  
 
2.3.6 Positive attributes of S. mauritianum 
S. mauritianum has merged as an important weed plant economically and environmentally in 
many countries (Jayakumar and Murugan, 2016). S. mauritianum was used by native 
Americans to cure diseases, the leaves are smoked, ripe fruit are eaten (Jayakumar and 
Murugan, 2016). New challenges arise with the biological application to treat S. mauritianum, 
some of the biological insect are becoming a threat to other crops (Olckers, 2011; Valenzuela 
et al., 2017; Cowie et al, 2018). On the other hand, not only are we facing alien plants over 
taking the native plants and agricultural plantations, but we are also facing pathogenic 
microorganisms, tuberculosis (TB) that claiming millions of human lives. In this study we are 
investigate the possible solution of using the fungal endophytes of one of the alien plant species 
in South Africa, S. mauritianum to combating pathogenic microorganisms. 
 
2.4. Secondary metabolites of plants 
Plant secondary metabolites cause toxic effects that are lethal and sub-lethal levels, but the 
most important effect is repellent (Wink, 2011). Some of the secondary metabolites classes 
alkaloids, glycoalkaloids, terpenoids, organic acids and alcohol, which plants used as defense 
mechanism (Anulika et al.,2016). 
Recent evidence of plant secondary metabolites highlights the ecological importance and 
function in plants.  This are some of the main function of secondary metabolites, protect plants 
against herbivores and infectious pathogenic microbes (Wink, 2018; Saikkonen et al., 2010). 
They attract pollinators, involved in plant odor, color and taste.  They function as agents of 
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plant competition against other plants and plant microbe symbioses. The ability for plant to 
compete and survive is therefore profoundly affected by the ecological function of their 
secondary metabolites (Harborne, 2001; Theis and Lerdau, 2003). 
 
Secondary metabolites can be classified as those metabolites which are often produced in a 
particular phase or stage of plant growth to subsequent growth, they have no role in plant 
growth, although they may have survival purpose for the plant. They are produced by certain 
taxonomic group of microorganisms that are present the plant cells known as endophytes  
(Pavarini et al., 2012). Secondary metabolites have an unusual chemical structure, and often 
formed as mixture of closely related chemical family. They are classified according to chemical 
structure, composition, solubility in different solvents, or on the basis of their synthesis 
pathway. A simple classification, based on chemical structure, includes three main groups: 
terpenes, phenolics and nitrogen- containing compounds.  
 
Secondary metabolites can be classified according to their chemical structure, composition, 
solubility in different solvents, or on the basis of their synthesis pathway (Bill and Gloer, 2016; 
Tijjani and Luka, 2017). A simple classification, based on chemical structure, includes three 
main groups: terpenes (composed almost entirely of carbon and hydrogen and including plant 
volatiles, cardiac glycosides, carotenoids and sterols), phenolics (with the common feature of 
having one or more phenol rings and including phenolic acids, coumarins, flavonoids, tannins 
and lignin), and nitrogen-containing compounds (extremely diverse, including alkaloids and 
glucosinolates). 
 
2.4.1 Secondary metabolites of Solanum mauritianum Scop. 
S. mauritianum Scop is the richest source of secondary metabolites, a number of alkaloids, 
glycosides, phenols and saponins have been reported (Chaitanya and Dhanabal, 2016; 
Jayakumar and Murugan, 2017). The green fruits (berries) have been reported to contain 
solasodine (Drewes and Staden, 1995; Jayakumar and Murugan, 2017) and solanine (Chaitanya 
and Dhanabal, 2016). Solasodine a poisonous glycoalkaloid with a nitrogen analogue of 
sapogenins that can be used in the synthesis of steroid drugs (Patel et al., 2013) and it has 
anticancer properties against MCF-7 breast cell lines (Jayakumar and Murugan, 2017). It also 
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demonstrated to have antioxidants activity against ischemia and stimulated neurogenesis (Dey 
and Mukherjee, 2018). Caulophyllumine A, an alkaloid was isolated from S. mauritianum Scop 
was also reported to have anticancer properties MCF-7 breast cell lines (Jayakumar and 
Murugan, 2017). 
 
Some of the identified secondary metabolites from S. mauritianum Scop., nocturnoside-B, 
parquisoside-B, protodioscine, solanine, solasomine, (Chaitany and Dhanabal, 2016). 
Solauricine, solauricidine solasodamine (Falla, 2017). Protodioscine steroid saponin (Bardarov 
et al., 2013). Parquisoside-B spirostanol glycoside (Baqai et al., 2001). Solanine glycoalkaloid, 
steroidal saponins it has fungicidal and pesticidal properties (Boulogne et al., 2012).  
 
2.5 Endophytes 
The term endophyte was invented by Bary in 1866 as explained by Arora and Ramawat 2017, 
the word endophytes is derived from a Greek word endo mean (endo-) which within or internal, 
(-phyte) symbolizes a plant. They explain why Bary came up with the term, to differentiate 
endophytes from epiphytic microorganisms living on the surface of the plant from 
microorganisms isolated within the plant tissues (Arora and Ramawat 2017). Nonetheless, 
Heinrich Friedrisch Link a German botanist was the first to describe endophytes in 1809 as 
entophyte, describing a specific group that was partly parasitic to plants, since then a number 
of definitions were derived, but most were just describing or addressing parasitic and 
pathogenic fungi. Between the 19th and 20th century, a number of investigation’s confirm the 
beneficial relationship between plant and endophytes (Hardoim et al., 2015). Nowadays, there 
are well recognized facts, which reveal plants as host to a number of microbial endophytes. 
Therefore, endophytes are microorganisms that live within plant tissues or cells, like some 
prokaryotes and eukaryotes, which may be single celled or multicellular (actinomycetes, 
protists, bacteria and fungi) found intracellularly (Kaul et al., 2016).  
 
Nevertheless, they exist in plant tissues without causing any harm or diseases to their host 
(Pimentel et al., 2012; Nair and Padmavathy, 2014; Hardoim et al., 2015; Jia et al., 2016; 
Katoch et al., 2017; Omomowo and Babalola, 2019). They have a complex relationship with 
their host which involves mutualism and antagonism (Pimentel et al., 2012; Hassan, 2017). 
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However, they may become pathogenic during the host senescence, depending on the plant 
host environmental conditions and physiology (Aly et al., 2011). The broad definition of 
endophytes does not specifically, specify the relationship between endophytes and plants in 
relation to symbionts (mutualism, parasitism, commensalism and saprotrophic association) 
association (Fesel and Zuccaro, 2016). In 1877, Albert Bernhard Frank reported on endophytes 
as mutualistic symbiosis, describing the relationship they have with plants, but the term 
symbiosis brought so much confusion in the of biological terms for more than 130 years, A 
few biologists argue that the term will never be resolved. However, it is unclear what type of 
species should be included under the umbrella of symbiosis. Awareness has been raised on how 
the term should be used for future biologists in this modern day (Martin and Schwab, 2013). 
Endophytes produce secondary metabolites to maintain a stable symbiotic relationship with the 
host plant, this secondary metabolites or compounds promote the plant growth and assist with 
adapting to the environment (Nair and Padmavathy, 2014). 
 
2.5.1 Fungal endophytes  
Fungal endophytes are ubiquitous quiescent have a symbiotic relationship with plants, in 
exchange of carbohydrate energy (Promputtha et al., 2010).They have a profound effect which 
may vary depending on the plant ecology, evolution, availability of nutrients, fitness, 
physiology, environmental conditions and how they interact with other plants microbes (Fesel 
and Zuccaro, 2016, Jia et al., 2016). These effects may enhance the nutrient uptake of the plant 
and provides protection from phytophagous (Tiwari and Rana, 2015). Fungal endophytes are 
ubiquitous, facultative or obligate and causes no harm to the host plants (Hardoim et al., 2015,). 
They exhibit complex interactions with their plant hosts which involves mutualism and 
parasitism (Fesel and Zuccaro, 2016). Endophytes provide various types of protection to their 
host plant, they produce toxic alkaloids that prevent herbivores like insects, animals that feed 
on plants, (Zhang et al. 2009). To the best of our knowledge, there are no documented fungal 
endophytes isolated from S. mauritianum Scop. 
 
2.6 Secondary metabolites of fungal endophytes 
2.6.1 Alkaloids  
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Alkaloids constitute a very large group of pharmacologically active, nitrogen-containing 
compounds. In fact, more than 12,000 alkaloids have been described. They are defined as basic 
compounds synthesized by plants that contain one or more heterocyclic nitrogen atoms; they 
are derived from amino acids, and a few of them from terpene or purine and pyrimidine bases 
(pseudo-alkaloids). The class name means alkali-like, and alkaloids are, in fact, organic bases 
similar to the alkalies (inorganic bases) (Wink, 2011). Solamargine is a major steroidal alkaloid 
that has anticancer properties isolated from Solanum nigrum (El-Hawary et al., 2016). 
 
2.6.2 Phenols 
Phenols have common features of one or more phenol rings (hydroxyl functional group on an 
aromatic ring) and including the coumarins, flavonoids, lignin, phenolic acid and tannins (Lui 
et al., 2016). The structure, chemical diversity, play a variety of roles in the plant. Many serve 
as defences against herbivores and pathogens. Others function in mechanical support, in 
attracting pollinators and fruit dispersers, in absorbing harmful ultraviolet radiation, or in 
reducing the growth of nearby competing plants (Ghasemzadeh and Ghasemzadeh, 2011). 
Plants produce a large variety of secondary compounds that contain a phenol. Plant phenolics 
are a chemically heterogeneous group of many compounds which some are soluble in water 
(carboxylic acids), some only in organic solvents others are insoluble (large polymers) (Pourali 
et al., 2010; Singh and Saldana, 2011). 
 
2.6.3 Terpenes 
Terpenes constitute the largest class of secondary metabolites, composed almost entirely of 
carbon and hydrogen, some substances of this class are insoluble in water.  This class including 
plant volatiles, cardiac glycosides, carotenoids and sterols. Terpenes performs a diverse 
biological function that ranges from herbivory defence to light-harvest (carotenoids) for 
photosynthesis (Young, 2016), some have a well define functions in plant growth and 
development (phytohormones), this makes them to be consider as primary metabolites rather 
than secondary metabolites. Example brassinosteroids and gibberellins are important plant 
growth hormones, they originate form terpenes such as diterpenes and triterpenes respectively. 
However, the majority of terpenes are secondary metabolites alleged to be involved in plant 
defenses. Triterpenes that defend plants against vertebrate herbivores include cardenolides and 
saponins. Cardenolides are glycosides compounds containing an attached sugar or sugars that 
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taste bitter and are extremely toxic to higher animals. Saponins are steroid and triterpene 
glycosides, so named because of their soap-like properties. The presence of both lipid-soluble 
(the steroid or triterpene) and water-soluble (the sugar) elements in one molecule gives 
saponins detergent properties (Young, 2016).  
 
2.6.4 Volatile terpenes  
Volatile terpenes have long been associated with human as flavour, aroma, dyes, cosmetics, 
insecticides, pathogens and numerous therapeutic applications (Yauk et al., 2014; Lorenzo et 
al., 2013). Some of the volatile terpenes are monoterpenes (C10-monoterpenes and C13-
norisoprenoids) which are most volatile and are small, are biosynthesised by the union of two 
isoprene molecules (Ryona and Sacks, 2013; Marumoto et al., 2017). The biggest and least 
volatile because of higher molecular weight, are biosynthesised by the union of three or more 
isoprene molecules are sesquiterpenes (C15-sesquiterpenes) (Kramer and Abraham, 2012). 
Terpene synthase is an enzyme responsible for their synthesis (Allen et al., 2019). These 
volatiles can be stored in specialized organs of the plant like leaves, stem, and trunk of trees 
(Courtois et al., 2016). These compounds are dominant in many plants, eucalyptus (eucalyptol), 
geranium (geraniol), lemons (limonene), mint (menthol), pine (pinene) and roses (β-
damascenone). Terpenes can be present in the free (volatile) form or stored as non-volatile, 
water-soluble glycosidically (sugar) bound conjugates (Gao et al., 2018).  
 
2.6.4.1 Isoprene  
Isoprene is a natural occurring compound, known as isoprenoid and are skeleton found in 
terpenes. They are known to protect the plant from heat, to combat abiotic stress. It may protect 
plants against large fluctuation of temperature in leaves by producing gas in the chloroplast 




Sesquiterpenes are secondary metabolites classes found in higher plants, marine organisms and 
fungi (Gutensohn et al., 2012; Kramer and Abraham 2012; Le-Bideau et al., 2017). They occur 
naturally as hydrocarbons or oxygenated forms including acids, alcohols, aldehydes, aromatic 
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constituents, essential oils (caryophyllene, cedrene, himachlene and zingiberene). As ketones, 
lactones and phenols with several pharmacological activities (anti-inflammatory, anti-septic, 
can produce profound effects on emotions and hormonal balance, gland stimulant, ability to go 
beyond blood brain barrier and increase oxygen to the brain) (Sousa et al., 2011; Mathema et 
al., 2012). Terpene hydrocarbons-sesquiterpenes are similar to monoteroenes except they have 
an additional isoprene unit added to their structure and oxygenated forms, and they have an 
additional functional group added to the terpene backbone. Adding the non-carbonated group 
alters the properties of the terpene by changing its reactivity (Pellegrini et al., 2012). 
Helminthosporal acid and helmintthosporol are two sesquiterpenes compounds isolated from 
Bipolaris sorokiniana an endophytic fungus from Costus speciousus, the show antifungal 
properties and phytoxicity (Qader et al., 2017). Souza discusses 127 terpenoids isolated from 
fungal endophytes and sixty-five were sesquiterpenes. They reported sesquiterpenes to have 
antimicrobial activity and antitumor activity against HeLa cells, isolated from Xylaria sp. 
NCY2 obtained from Torreya jackii CHUN a plant species Some sesquiterpenes was proven 
to have antifungal activity against Cladosporium sphaerospermum and Cladosporium 
cladosporoids (Souza et al., 2011). 
 
2.7 Pathogenic microorganisms 
Pathogenic organism are any microorganisms (algae, bacteria, fungi, parasites, protozoa, virus) 
that enter the body and causes an infection. Nevertheless, every pathogenic microbe contains 
certain virulent factors or genes (NRC, 2010), that aggravates the host defense mechanism for 
it to be able to infect the cell (Sarmah et al., 2018, Meena et al., 2019). Pathogens are a common 
cause of infections and these infections remain the world number one cause of death. 
Nevertheless, more new resistant pathogens continuously emerge (Sarmah et al., 2018). 
Pathogenecity is the ability for bacteria to cause disease and virulence is the degree of 
pathogenicity encoded by a given gene or genes (NRC, 2010). 
 
2.8 Challenges with pathogenic microorganisms 
The challenge with pathogenic microorganisms, is resistance, one of the most significant 
threats that the world is facing in food security and health sector. On the hand, evolution plays 
an important role in dynamics of many infectious diseases. A change in gene frequencies, 
mutation, recombination and re-assortment alters the microorganism pathogenicity (Metcalf et 
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al., 2015). Evolution and resistance are some of the challenges, researchers face when it comes 
to drug discovery, hence it is wise to always look for a new drug to overcome pathogenic 
microorganisms. The clinical and economic impact of pathogens and their optimal 
management, especially in the increase of antibiotic resistance are challenging (Manges et al., 
2019). Some of these pathogens are harmless and form part of human flora. Escherichia coli is 
typically harmless and is part of the indigenous flora found in the colon of all animals. 
However, some E. coli are common cause of urinary tract infection in animal and humans 
(Levy and Marshall, 2004) and often a deadly pathogen (Kaper et al., 2004). E. coli, Salmonella 
and Shigella were the first enteric bacteria to show resistance to multiple drugs in the late 1950s 
and 1960s. The MDR strains of E. coli have developed resistant to the recommended 
fluoroquinolones (Levy and Marshall, 2004). 
 
Humans are a natural reservoir for Staphylococcus aureus, it is both a commensal and pathogen 
(Lakhundi and Zhang, 2018). It’s often presents asymptotically on human flora such as guts, 
mucous membranes, noses and skin about 30% of human population is colonized with S. 
aureus (Tong et al., 2015). S aureus became resistant to penicillin soon after it was introduced 
in the 1940s in London civilian hospital (Levy and Marshall, 2004). Multidrug resistant strains 
of S aureus have been reported, including isolated resistant to aminoglycosisdes, 
fluoroquinolones, lincosamides, macrolides, methicillin and a combination of these antibiotics 
(Von-Eiff et al., 2001; Turner et al., 2019). 
 
Klebsiella pneumoniae colonizes human mucosal surfaces such as intestinal tract. It can gain 
entry to other tissues and cause severe infections in humans, such as bacteremias, liver 
abscesses, pneumonia, and urinary tract infection (Paczosa and Mecsas, 2016). The occurrence 
of multidrug resistant (MDR) and extensive drug resistance in K. pneumoniae has increased 
worldwide (Navon-Venezia et al., 2017). 
 
Pseudomonas aeruginosa is a common opportunistic nosocomial contaminant, which infects 
patients with a compromised immune system and patients who have been hospitalized for 
longer period in hospital (Stover et al., 2000). Traces of P. aeruginosa have found in the 
hospital environment, burn victims, catheterized patients, and patients on respirators. It causes 
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pulmonary infections in cystic fibrosis patients (Oliver et al., 2000; Jacobs et al., 2003). It has 
developed resistance to antibiotics and disinfectants (Whiteley et al., 2001).  P. aeruginosa has 
been named as superbug, since it has become resistant to all antibacterial drugs. Moreover, it 
is very difficult to eradicate, as it displays high intrinsic resistance to a wide variety of 
antibiotics (Breidenstein et al., 2011). 
 
Mycobacterium tuberculosis is the causative agent for tuberculosis, the major public health 
problem worldwide (Casart et al., 2008; Dong et al., 2020). Tuberculosis is a communicable 
disease that is a major cause of illness, with one-third of the world’s population is infected by 
Mycobacterium tuberculosis (WHO, 2020). Tuberculosis re-emerged in 1980s and it has 
occurred that it is multidrug resistant (MDR). It is difficult to treat MDR strains, hence it is 
necessary to use a number of drugs at once (Levy and Marshall, 2004).  
Mycobacterium bovis is the slow growing specie a causative agent of tuberculosis (TB) in cows 
known as bovine TB (Rodriguez-Morales and Castañeda-Hernández, 2008). M. tuberculosis is 
not defined by a single bacterium, but rather by Mycobacterium tuberculosis complex (MTBC) 
which has 12 closely related members and Mycobacterium bovis is one of them (García et al., 
2020). M. bovis shares 99.95% sesquences homology with M. tuberculosis and is able to 
produce the characteristic granuloma and quintessential that ultimately defines tuberculosis 
(Kanipe and Palmer, 2020). Although bovine and human tuberculosis are clinically similar, M 
tuberculosis is mostly the causative agent of latent TB in humans (García et al., 2020). 
 
Mycobacterium smegmatis is the fasting growing mycobacterium specie (Dong et al., 2020). 
M. smegmatis is non-pathogenic and is not emulated as human infection, it is often used as a 
substitute for M. tuberculosis (Ranjitha et al., 2020). It can safely be used in a standard 
Biosafety Level 2 containment facilities, it has been used successfully to identify some 
antituberculosis drugs (Andreu et al., 2004). There are varies similarities between M. 
smegmatis and M. tuberculosis which are biochemical properties and genetic information. The 
major similarity being the mycothiol biosynthesis, for the production of thiol which is highly 
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Plant endophytes are microbial sources of bioactive secondary metabolites, which mimic the 
natural compounds chemistry of their respective host plants in a similar manner. This study 
explored the isolation and identification of fungal endophytes and investigated the antibacterial 
and antimycobacterial activity of their crude extracts. Fungal endophytes were isolated from 
Solanum mauritianum, identified using morphological traits and internal transcribed spacer 
ribosomal-deoxyribonucleic acid (ITS-rDNA) sequence analysis. Eight fungal endophytes 
were identified as Aureobasidium pullulans, Paracamarosporium leucadendri, Cladosporium 
sp., Collectotrichum boninense, Fusarium sp., Hyalodendriella sp., and Talaromyces sp., while 
Penicillium chrysogenum was isolated from the leaves and unripe fruits. Good activity was 
observed for the crude extracts of Paracamarosporium leucadendri inhibiting Mycobacterium 
bovis, Klebsiella pneumoniae, and Pseudomonas aeruginosa at 6 µg/ml. Crude extracts of 
Fusarium sp. showed activity at 9 μg/ml against M. bovis, M. smegmatis and K. pneumonia. In 
general, the crude extracts showed great activity against Gram-negative and Gram-positive 
bacteria and novel results for two mycobacteria species M. bovis and M. smegmatis. The results 
provide evidence of diverse fungal endophytes isolated from Solanum mauritianum, and 
evidence that fungal endophytes are a good source of bioactive compounds with 
pharmaceutical potential, particularly against Mycobacterium tuberculosis. 
 
Keywords: antimycobacterial; secondary metabolites; fungal endophytes; minimum inhibitory 
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Plants act as hosts to several endophytic microorganisms, known to produce bioactive 
compounds of novel potential use in agriculture, modern medicine and the pharmaceutical 
industry. Rodriguez et al., mentions that all plants if not most of them are symbiotic with 
mycorrhiza fungi and fungal endophytes in their natural environment (Rodriguez et al., 2009). 
Endophytes have a symbiotic association with the host plant (Vega et al., 2008), are responsible 
for assisting the plants to adapt to abiotic and biotic stress (Singh et al., 2011), they have effects 
on plant evolution and fitness (Rodriguez et al., 2009). There are fossil records that indicates 
that plants have been associated with endophyte and mychorrhizal fungi for decades (Redecker 
et al., 2000; Krings et al., 2007). Endophytes include bacteria and fungi; however fungal 
endophytes are the most researched because they are a potential source of bioactive natural 
products and have been shown to produce a variety of secondary metabolites with interestingly 
complex molecular scaffolds (Kaul et al.,2013; Kumar et al., 2016; Kumar et al., 2017). 
 
Several metabolites of interest have been isolated from fungal endophytes, including novel 
compounds with antibiotics, antialgal, anticancer, antifungal, antimalarial and 
immunosuppressive activities (Strobel et al., 2018), for example, the anticancer drug paclitaxel 
(taxol) was isolated from Pestalotiopsis microspora, an endophytic fungus that colonizes the 
Taxus wallichiana tree (Kusari et al., 2014), and camptothecin, a topoisomerase inhibitor, has 
been isolated from Fusarium solani endophytic fungi in Camptotheca acuminata (Kusari et al., 
2012). Vinblastine and Vincristine have also been isolated from the endophytic fungus 
Fusarium oxysporum, from Catharanthus roseus (Kumar et al., 2013). Recent reports have 
revealed that endophytes produce the same secondary metabolites as those of the host plant, 
making them a promising source of novel compounds (Ahmed et al., 2012). 
 
Fungal endophytes in Panax ginseng have been investigated for their ability to produce 
ginsenosides (Wu et al., 2012), and the steroidal alkaloid Solamargine from fungal endophytes 
of Solanum nigrum L. (El-Hawary et al., 2016). Solamargine has been reported to be cytotoxic 
and has been experimentally attempted on various cancer cell lines (related to skin, breast and 
liver) (Tuan et al.,2018).  
 
In this study, efforts have been made to isolate endophytic fungi inhibiting a range of 




3.2 Materials and Methods  
3.2.1. Sampling Method 
The fresh leaves, stems and fruits from healthy specimens of Solanum mauritianum Scop. were 
collected from the campus garden at the University of Johannesburg (26.11°32.6′ S, 28.03°28.9′ 
E), in Johannesburg, South Africa. The plant species was chosen based on it being invasive, as it 
grows fast with massive encroachment into native vegetation (hence, its extermination in South 
Africa). The plant was identified by a botanist at the University of Johannesburg. Voucher 
specimen (BTNPSP02) of the plant was deposited in the herbarium of the University of 
Johannesburg. Isolation of fungal endophytes was carried out within 24 h of collection, in the 
Molecular Pathogenesis and Molecular Epidemiology Research Group (MPMERG) laboratory 
of the Biotechnology and Food Technology Department.  
3.2.2. Plant Sterilization and Endophytes Isolation 
Endophytes were isolated from different parts of the plant, as explained by Huang et al. (Huang 
et al., 2007). Surface sterilization was performed following the procedure of Larran et al. 
(Larran et al.,2007). Briefly, plant parts were washed thoroughly in running tap water, 
immersed in 250 mL of 70% ethanol for 1 min, then in 250 mL of 5% sodium hypochlorite 
solution for 5 min, and rinsed in 3 L of sterile distilled water three times separately. The sterile 
surface sample was cut into 5 mm pieces with a sterile blade, inoculated onto 90 mm plates 
different agar including Potato Dextrose Agar (PDA), Sabouraud Dextrose Agar (SDA) and 
Nutrient agar and incubated at 25 °C for 7–14 days in the dark. After 7 days, emerging hyphae 
were transferred to fresh plates for subculturing into pure isolates and subsequent identification. 
Morphological identification of the isolates was performed according to Katoch et al. (Katoch 
et al., 2017). 
 
3.2.3. Molecular Identification of Fungal Endophytes 
The pure colonies of fungal isolates were subjected to a molecular identification method 
described by White et al. (White 1990). Nine morphotypes were selected for further molecular 
identification and phylogenetic analysis, namely SPS 28, SPS 33, SPS 35, SPS 38. SPS 39, SPS 
40, SPS 41, SPS 42 and SPS 43. Pure cultures were sent to Inqaba Biotec Africa’s Genomics 
Company (Pretoria, South Africa) for molecular identification. The method of Stephen et al. 
(Stephen et al., 1997) was used for DNA isolation. The ITS target region was amplified 
according to Stephen et al. (Stephen et al., 1997) using two primers, ITS1 (5′ to 3′) 
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(TCCGTAGGTGAACCTGCGG) and ITS4 (5′ to 3′) (TCCTCCGCTTATTGATATGC). The 
PCR products were gel extracted with Zymo Research, Zymoclean™ Gel DNA Recovery Kit 
(Zymo Research,  Irvine, CA, USA), and sequenced in the forward and reverse directions on the 
ABI PRISM™ 3500xl Genetic Analyzer (ThermoScientific, City Waltham, MA, USA). Purified 
sequencing products were cleaned using Zymo Research, ZR-96 DNA Sequencing Cleanup 
Kit™ (Zymo Research, Irvine, CA, USA) and were then analyzed using CLC Main Workbench 
7 followed by a BLAST search (NCBI). Representative sequences for each isolated fungal 
endophyte were deposited in the GenBank. The taxa that had 99% ITS sequence similarities were 
identified as reference taxa species, and some of the described species were identified at the genus 
level.  
 
3.2.4. Phylogenetic Analysis 
The sequence data obtained from Inqaba biotec were aligned using Edit Sequence Alignment 
Editor v.7.2.3 software (Hall et al., 1999). The search for homologous sequences was done 
using Basic Local Alignment Search Tools (BLAST) at the National Center for Biotechnology 
Information online (NCBI, 2017)] All fungal endophyte sequences with 99–100% similarities 
had the best hit in the NCBI database (Varanda et al., 2016). Alignments of nucleotide 
sequences (isolate and species obtained through BLAST) were performed using MUSCLE with 
default options. Phylogenetic trees were constructed using a Maximum likelihood method 
(ML) method based on the Kamura-Nei model and bootstrap test (Kumar (Stephen et al., 1997) 
2004) of 1000 replicates.  
 
3.2.5. Preparation of the Crude Extracts  
The fungal endophytes that were grown on PDA and cut into 10 mm plugs were placed in a 
200 mL short bottle containing 100 mL of Potato dextrose broth (PDB) and cultured for 14 
days at 25 °C ± 2 °C under static conditions (Marcellano et al., 2017). After fermentation, the 
mycelium that formed on top was macerated with a mortar and pestle, then filtered on Whatman 
1 filter paper. Afterwards, 100 mL of ethyl acetate was added to the bottle, then left at room 
temperature for 24 h. The organic solvent phase was transferred into a round bottom flask for 
concentration under vacuum using a rotary evaporator (Labtech EV311H) at 40 °C. The 
extraction process was repeated 3 times. The extracted secondary metabolites were poured into 
a McCartney bottle and left under a laminar flow to dry. The dried mycelia (and spores) were 
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further extracted in 100 mL of methanol and left at room temperature for 24 h. These were 
filtered and the methanol extracts were evaporated at 40 °C at 200 rpm.  
 
3.2.6. Mycobacterium Inoculum Preparation 
Mycobacterium bovis (ATCC 27290) and Mycobacterium smegmatis (ATCC 607) were 
prepared by inoculating the bacterium into a freshly prepared 10 mL Middlebrook 7H9 broth 
base, supplemented with Middlebrooks OADC (Oliec albumin Dextrose Catalase) growth 
supplement (Sigma-Aldrich, St. Louis, MO, USA), and incubating at 37 °C for 7 days and 37 
°C for 24 h, respectively.  
After the incubation period, the test tubes were vortexed and allowed to settle. The supernatant 
was transferred into Mueller-Hinton broth and adjusted using a spectrophotometer to a 0.5 
McFarland standard and further diluted to1:10 in Mueller-Hinton broth for the test analysis. 
The other pathogenic strains were prepared according to the method of Marcellano at el. 
Briefly, the bacterial cultures were sub-cultured onto Mueller-Hinton broth and incubated 
overnight at 37 ℃. The overnight bacterial suspensions were adjusted to 0.5 McFarland 
standard for the test analysis. (Marcellano et al., 2017). 
 
3.2.7. Disc Diffusion Assay of Crude Extracts from Fungal Endophytes 
The aliquot of the dried extract was dissolved in 10% dimethyl sulfoxide (DMSO). 
Concentrations of 10 mg/mL for each fungal endophyte crude extracts were prepared and 
inoculated into 6 mm discs and allowed to dry under sterile conditions for 1 min. Ten percent 
DMSO was used as a negative control in the bioassays, while rifampicin (40 µg/mL) was used 
as a positive control. Pathogenic bacteria such as Bacillus subtilis (ATCC 11774), Escherichia 
coli (ATCC 10536), Klebsiella pneumonia (ATCC 10031), Staphylococcus aureus (ATCC 
6571), Pseudomonas aeruginosa (ATCC 10145), Mycobacterium bovis (ATCC 27290) and 
Mycobacterium smegmatis (ATCC 607) were grown on Mueller-Hinton agar (MHA) plates and 
used as test organisms. The plates were incubated at 37 ℃ for 24 h, while M. bovis plates were 
incubated for 7 days. Zones of inhibition were determined by measuring the diameters of the 
clear zones. The whole disc diffusion assay procedure was performed in triplicate. 
 
3.2.8. Minimum Inhibitory Concentration Assay 
70 
 
The Resazurin Microtiter Assay (REMA) was performed according to Chien et al. The 
inoculum was prepared from fresh Mueller-Hinton agar (MHA), into Mueller-Hinton broth 
(MHB) and adjusted using a spectrophotometer to a 0.5 McFarland standard and further diluted 
to 1:10 in Mueller-Hinton broth for the test. Briefly, 100 μl of MHB was dispensed into each 
well of a flat bottom 96 well plate (Becton Dickinson, Franklin Lakes, NJ, USA). Serial 
dilution of the crude extract from fungal endophytes were prepared directly in the plate with 
concentrations ranging from 5 mg/mL to 0.0039 mg/ml. One hundred microliters of the test 
organism were added into each well. A negative control and positive control (ranging from 40 
µg/ml to 0.019 µg/ml) were also included for each isolate. Sterile water was added to all 
perimeter wells to avoid evaporation during incubation. The plates were covered, sealed with 
a plastic bag and incubated at 37 °C under normal atmosphere. After 24 h of incubation, as 
described by Chien et al., 30 µL of resazurin solution was added (Chien et al., 2017). Further 
incubation was required for M. bovis for 7 days, after which 30 μL of resazurin solution was 
added. A change of colour from blue to pink indicated the reduction of resazurin by 
proliferating bacteria. Minimum concentration was defined as the lowest concentration of the 
drug that prevented this change. 
 
3.3 Results 
3.3.1 Isolation and identification 
Fungal endophytes were isolated from the plant from different parts. Fig. 3.1 shows the isolated 






Figure 3. 1: Pictures of fungal endophytes on potato dextrose agar (PDA). Fig. 3.1(A) show 
fungal endophytes isolated from the stem, Fig. 3.1(B) shows endophytes isolated from unripe 
fruits, Fig. 3.1(C) shows endophytes isolated from the leaves and Fig. 3.1(D) shows endophytes 
isolated from the ripe fruits. 
 
3.3.1.1 Isolation and Identification 
A total of eight endophytic fungi were isolated from S. mauritianum. Table 3.1 shows observed 
characteristics of the fungal endophytes. The characteristics of the fungal endophytes were 
observed on the plate and by using a light microscope under magnification X40. 
 
Table 3.1: Morphological observations and characteristics of the fungal endophytes. 
Isolates Source Macro and Microscopic Characteristics 
SPS 28 Stem 
Flat cream white colonies which turn black with aging, chlamydospores, 
colonies are smooth with aging, they become slimy and shiny. 
SPS 33 Unripe fruit Powdery green spores on the surface, yellow-white lower surface center. 
SPS 35 Unripe fruit Black colonies with a slimy and shiny appearance on the surface. 
SPS 38 Ripe fruit 
Olivaceous green on the top and bottom greenish black, conidiophores 
which are dense and becoming powdery or velvety due to abundance, 




SPS 39 Ripe fruit 
Colonies grow flat on the media, they are white and turn pink with aging, 
release orange pigment into the media and spores are formed. 
SPS 40 Leaves 
Darker region at the center, yellow-white lower surface. Powdery green 
spores on the surface. 
SPS 41 Leaves 
Centre is raised, floccose, sulcate center, bottom orange/white, top 
orange/yellow, soluble pigment faint orange and as it ages it produces green 
color spores. 
SPS 42 Leaves 
White cotton-like colonies turn brown/greenish with age starting at the 
center, bottom pale yellow or greenish. 
SPS 43 Ripe fruit 
They start out as pale green on the plate and later the hyphae become pale 
brown in color, has hyphae that pale as spores. 
SPS: Sharon Pelo’s Sample, Lactophenol blue dye was used to observe at 40× magnification. 
 
3.3.2. Molecular Confirmation 
The results revealed a diversity of fungal endophytes from unripe fruits, ripe fruits, stem and 
leaves, as seen in Table 3.2. The generated sequences of the fungal endophytes were identified 
using BLAST search in GenBank, they were assigned accession number and named based on 
the similarity (%) to the sequences that are deposited in GenBank. Two fungal endophytes that 
were isolates from unripe fruits, were identified as Penicillium chrysogenum with 100% 
similarity and Hyalodendriella sp. with 94% similarity. Fungal endophytes isolated from the 
leaves were identified to have 100% to Penicillium chrysogenum, 100% to Collectotrichum 
boninense and 99% similarity to Talaromyces sp. The fungal endophyte isolated from the stem 
had 98% similarity to Aureobasidium pullulans. Three fungal endophytes were isolated from 






Table 3.2: List of fungal taxonomic units identified using the molecular identification. 




SPS 28 MF926050 Aureobasidium pullulans 98 Stem 
SPS 33 MF928760 Penicillium chrysogenum 100 Unripe fruit 
SPS 35 MF928761 Hyalodendriella sp. 94 Unripe fruit 
SPS 38 MF928762 Cladosporium sp. 100 Ripe fruit 
SPS 39 MF928763 Fusarium sp. 99 Ripe fruit 
SPS 40 MF928764 Penicillium chrysogenum 100 Leaves 
SPS 41 MF928765 Talaromyces sp. 99 Leaves 
SPS 42 MF928766 Collectotrichum boninense 100 Leaves 
SPS 43 MF928767 
Paracamarosporium 
leucadendri 
99 Ripe fruit 
NO. – number and % - percentage 
3.3.3. Phylogenetic Analysis 
The blast analysis of the 16S rRNA gene sequence resulted in 8 varying fungal genera in Fig. 
3.2. The results of phylogenetic analysis showed distinct clustering of the isolates at 94–100% 
similarities. Analysis of the ITS1 and ITS4 rDNA reveals that the most prevalent endophytic 
fungi was Penicillium chrysogenum (22.2%) isolated from the leaves and unripe fruit, 
Fusarium sp. (11.1%) and Paracamarosporium leucadendri (11.1%). The similarity levels of 
the sequences obtained ranged from 94%–100%. As shown in Table 3.2 and Fig. 3.2, two 
isolates belong to the Penicillium (SPS 33 and SPS 40). On the other hand, seven isolates (SPS 
28, SPS 35, SPS 38, SPS 39, SPS 41, SPS 42 and SPS 43) belong to seven genera 
(Aureobasidium, Hylodendriella, Cladosporium, Fusarium, Talaromyces, Collectrotrichum 





Figure 3. 2: Molecular phylogeny analysis of ITS1 and ITS4 sequences of all the fungal 
endophytes isolated from Solanum mauritianum Scop.  along with the sequences from NCBI. 
The analysis was conducted with MEGA 7 using the Maximum Likelihood method.  
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3.3.4. Yield of Extracts 
Fungal endophytes were fermented and extracted with ethyl acetate solvent, there extracted 
aliquot was concentrated with a rotary vapor machine and the crude extracts we collected and 
left to dry at room temperature. The obtained extracts were weighed and recorded. In Table 3.3 
we observe different amounts of the crude extracts were obtained from different fungal 
endophytes.Cladosporium sp. (1.02 g), P. chrysogenum (L) (1.24 g), and P. leucadendri (1.23 
g) had more crude extracts as compared to other endophytes in this study. 
 
Table 3. 3: Ethyl acetate crude extract yields from different endophytes. 
Fungal Endophytic Isolates Weight of the Extract (g) 
SPS 28 0.34 
SPS 33 0.46 
SPS 35 0.59 
SPS 38 1.02 
SPS 39 0.2 
SPS 40 1.24 
SPS 41 0.54 
SPS 43 1.23 
Weight of the extracts extracted with ethyl acetate solvent (g) grams. 
3.3.5. Disc Diffusion Assay of Secondary Metabolites Extracts 
Disc diffusion assay was conducted to screen antibacterial activity of the fungal endophyte’s 
crude extracts against pathogenic bacteria. Eight fungal endophytes showed zone of inhibition 
against Mycobacterium bovis. They also showed inhibition on other pathogenic bacteria as seen 
in Table 3.4.  
 




All endophytes showed positive antimicrobial activity in the preliminary screening see Fig. 
3.3. All secondary metabolites from the nine fungal endophytes, with the exception of 
Fusarium sp., inhibited Mycobacterium bovis whilst only eight inhibited Mycobacterium 
smegmatis. The largest zone of inhibition was observed against P. aeruginosa (23 ± 2.7) 
inhibited by Fusarium sp. and E. coli and K. pneumonia (17.3 ± 2.1 mm, 19 ± 1.0 mm and 18.3 
± 0.6 mm) respectively, inhibited by Talaromyces sp. secondary metabolites extracted with 
methanol and ethyl acetate. Further activity was observed against M. bovis, by Fusarium sp. at 
(14 ± 1.7 mm) and P. chrysogenum (F) (14 ± 2.9 mm) extracts. M. smegmatis was inhibited by 
P. leucadendri at (13 ± 1.0 mm), while S. aureus was inhibited by Talaromyces sp. secondary 
metabolites. Each of the endophytic fungi produced bioactive compounds that exhibited 
antimicrobial activity against at least one test microorganism used, as shown in Table 3.4. 
 
Table 3. 4: Antimicrobial activity of the fungal endophytes isolated from S. mauritianum. 
Crude Extracts of 
the Fungal 
Endophytes 
  Zone of Inhibition (mm) * 
Gram Positive Gram Negative Acid-Fast Stain 
Bs Sa Kp Ec Pa Mb Ms 
A. pullulans 7 ± 1.0 9.9 ± 05 10 ± 2.7 13 ± 1.0 9.7 ± 0.6 11 ± 1.0 10.7 ± 0.6 
P. leucadendri - 7.3 ± 1.5 9.7 ± 0.6 11.7 ± 0.6 11 ± 1.0 7.7 ± 1.5 13 ± 1.0 
Cladosporium sp. 10.3 ± 1.5 7.3±0.6 14.7 ± 0.6 8.7 ± 0.6 
10.3 ± 
0.6 
12.7 ± 2.3 9.7 ± 0.6 
Fusarium sp. 8.7 ± 0.6 9.7 ± 0.6 10.7 ± 1.5 11.7 ± 0.6 23 ± 2.7 14 ± 1.7 - 
Hyalodendriella 
sp. 
11.3 ± 0.6 7.3 ± 0.6 9.7 ± 0.6 10.7 ± 3.5 9.3 ± 0.6 12.7 ± 2.3 6.7 ± 0.6 
P. chrysogenum (F) 12.3 ± 1.2 8.7 ± 1.5 - 11.7 ± 0.6 7.7 ± 0.6 14 ± 2.9 10.3 ± 0.6 
P. chrysogenum (L) 13.7 ± 0.6 8.7 ± 2.3 - 12.3 ± 2.1 6.7 ± 0.6 10 ± 2.9 11.3 ± 2.3 
Talaromyces sp. - 14.7 ± 1.2 - 17.3 ± 2.1 7.7 ± 2.1 8 ± 1.7 9.7 ± 0.6 
Positive control 27 ± 1.7 32.3 ± 0.3 26 ± 1.7 32.6 ± 0.3 26 ± 1.7 27 ± 1.7 27 ± 1.7 
Bs: Bacillus subtilis, Sa: Staphylococcus aureus, Kp: Klebsiella pneumoniae, Ec: 
Escherichia coli, Pa: Proteus aeruginosa, Mb: Mycobacterium bovis and Ms: 
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Mycobacterium smegmatis. Positive control: Rifampicin (40 µg/ml). *: mean diameter on 
zone of inhibition ± Standard Deviation (n = 3). -: no zones of inhibition were observed. 
3.3.6. Minimum Inhibitory Concentration of the Crude Extracts 
The MIC values ranged from 0.006 mg/ml to 8 mg/ml (Table 3.5). The crude extract of P. 
leucadendri (6 µg/ml) had the lowest MIC against K. pneumoniae, P. aeruginosa and M. bovis, 
while it showed the highest MIC value of 2.91 mg/ml against M. smegmatis.  
Table 3.5: Minimum inhibitory concentrating assay of the fungal secondary metabolites. 
Crude Extracts of the 
Fungal Endophytes 
Minimum Inhibitory Concentration (mg/ml) 
Gram Positive Gram Negative Acid-Fast Stain 
Bs Sa Ko Kp Ec Pa Mb Ms 
A. pullulans 2.13 2.13 2.13 0.17 2.13 0.17 0.17 0.17 
P. leucadendri 1.16 2.33 1.16 0.006 1.16 0.006 0.006 2.91 
Cladosporium sp. 6.37 1.28 6.38 0.049 0.049 0.049 0.049 1.28 
Fusarium sp. 0.03 5 1.25 0.009 1.25 0.009 0.009 0.009 
Hyalodendriella sp. 7.38 1.48 1.48 0.03 5 0.03 0.03 0.03 
P. chrysogenum (fruit) 5.75 1.15 5.57 0.02 5 0.02 0.02 0.02 
P. chrysogenum (leaves) 0.75 6 3 0.01 0.01 0.01 0.01 0.01 
Talaromyces sp. 1.69 3.38 1.35 0.03 0.03 0.03 0.03 0.03 
Positive control * 
0.001
9 
0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 
Negative control † 10 10 10 10 10 10 10 10 
Bs: Bacillus subtilis, Sa: Staphylococcus aureus, Ko: Klebsiella oxytoca, Kp: 
Klebsiella pneumoniae, Ec: Escherichia coli, Pa: Pseudomonas aeruginosa, Mb: 
Mycobacterium bovis and Ms: Mycobacterium smegmatis. Positive control *: 
Rifampicin (40 µg/ml). Negative control †: DMSO (10%). 
 
3.4 Discussion 
In this study, fungal endophytes were isolated and identified from Solanum mauritianum Scop., 
an invasive plant from South America and weed in South Africa that is facing extermination 
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(Oclkers, 2011). We did not find any previous studies on the isolation of fungal endophytes from 
S. mauritianum, and this is the first time we report a broad-spectrum antimicrobial activity against 
Mycobacterium bovis and Mycobacterium smegmatis from extracts of fungal endophytes isolated 
from S. mauritianum. The fungal diversity analysis reveals a mixed composition of the endophyte 
community from the leaves, ripe and unripe fruits and stem of Solanum mauritianum. Out of the 
nine fungal endophytes that were isolated from a healthy plant of Solanum mauritianum Scop., 
Penicillium chrysogenum was isolated twice in different parts of the plant, with the unripe fruit 
and leaves’ endophytes showing different growth patterns.  
 
Paracamarosporium leucadendri, Cladosporium sp., Collectotrichum sp., Fusarium sp., 
Hyalodendriella sp., Talaromyces sp., and Penicillium sp. (Hormazabal and Piontelli, 2009; 
Meng et al., 2012; Zhao et al.,2012; Akinsanya et al., 2015; Chen et al., 2015; Nonaka et 
al.,2015; Anand et al., 2016; Parsa et al., 2016), have been identified as plant endophytes, 
proving that they are not plant pathogens.  
 
The results of the phylogenetic analysis show distinct clustering of the isolates at 94–100% 
similarities. Analysis of the ITS1 and ITS4 rDNA reveals that the most prevalent endophytic 
fungi was Penicillium chrysogenum (22.2%), isolated from the leaves and unripe fruits, 
Fusarium sp. (11.1%) and Paracamarosporium leucadendri (11.1%). The similarities of the 
sequences obtained ranged from 94–100%.  
 
Currently there is growing interest on the endophytic microorganisms, producing a wide range 
of compounds with diverse biological activities (Rodriguez, et al., 2009). The results of the 
disc diffusion assay showed inhibition by all nine fungal endophyte crude extracts on all the 
test bacteria. There are many studies in literature on penicillin as the most important antibiotic 
and as the first discovered antibiotic in history (Wainwright 2005; Bentley, 2009; Ergin et al., 
2017; Al-Fakih and Almaqtri, 2019) successfully used to treat bacterial infections and has been 
isolated from the fungus P. chrysogenum (Al-Fakih and Almaqtri, 2019). The endophytic fungi 
P. chrysogenum crude extract showed potential as an antibiotic with a broad-spectrum 
antimicrobial effect in this study.  
 
Aureobasidium pullulans was also isolated in our study; it has previously been reported to 
synthesize biomolecules of medicinal importance, for example, β-(1 → 3, 1 → 6)-glucans, 
which displays anti-tumour, immune-modulatory and food allergy inhibition (Kono et al., 017), 
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fungicide (Muramatsu et al., 2012) and antimicrobial activity (Wang et al.,2009). It also shows 
fungicide and fungicidal properties against Candida albicans (De Lucca, 2000). The lowest 
MIC observed from A. pullulans was 0.17 mg/ml. Hyalodendriella sp., has been reported to 
contain bioactive properties that inhibit bacterial growth (Zhao et al., 2012; Mao et al.,2017) 
and fungal growth (Rodriguez and Redma, 2008). This validates the results we obtained in this 
study, that fungal endophytes from plants have the potential to inhibit microorganisms other 
than bacteria, such as fungi. 
 
Rodriguez et al. and others reported Fusarium sp. to have resistance against virulent pathogens, 
as well as anticancer properties (Rodriguez and Redman, 2008; Shankar et al.,2012; Arora et 
al., 2017), anti-inflammatory, antitussive (to prevent or relieve a cough) and anti-allergic 
properties. In our study, Fusarium sp. secondary metabolite extracts showed greater activity 
on 4 microorganisms, including M. bovis and M. smegmatis. This is noteworthy as there are no 
reports on Fusarium sp. having antagonistic properties against mycobacteria. 
 
The production of saponins by the fungal endophyte Paracamarosporium leucadendri has been 
previously reported (Wu et al., 2012). Sharma et al., reported the bioactivity of an ethyl acetate 
extract on two Gram negative and two Gram positive organisms at a concentration of 25 mg/ml 
(Sharma et al., 2014). In our study we observed the activity of ethyl acetate extracts from P. 
leucadendri against K. pneumonia, P. aeruginosa and M. bovis at the lowest concentration of 
6 µg/ml. These results are indicative of yet unidentified active principals in the extract.  
 
Several bioactive secondary metabolites such as anthraquinone (Xie et al., 2016) and alkaloids 
(Liu et al., 2010) have been isolated and reported from Talaromyces sp., (Yang, 2016), with 
even newer compounds such as penicillic acid emerging due to co-culturing with Fusarium 
solani and other fungal endophytes (Nonaka et al., 2015). In our study Talaromyces sp. showed 
inhibition at 30 µg/ml against E. coli, K. pneumonia, P. aeruginosa, M. bovis and M. 
smegmatis. The fungal endophyte Penicillium chrysogenum isolated from the leaves showed 
activity at the lowest MIC activity (10 µg/ml) against Mycobacterium bovis and 
Mycobacterium smegmatis, while Fusarium sp. showed activity at the lowest MIC against 
Mycobacterium bovis and Mycobacterium smegmatis (9 µg/ml) with P. leucadendri (6 µg/ml) 
showing the lowest MIC concentration against Mycobacterium bovis. This is encouraging 
because, according to Rios and Recio, natural product compounds that show antimicrobial 
activity at ≤10 µg/ml and 100 μg/ml for extracts should be considered noteworthy (Rios and 
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Recio, 2005). As such, in this case, A. pullulans, Cladosporium sp., Fusarium sp., 
Hyalodendriella sp., P. chrysogenum (L), P. chrysogenum (F), P. leucadendri, and 
Talaromyces sp. have notable secondary metabolites. 
 
It has been demonstrated that some compounds of plants origin are produced by fungal 
endophytes of that plant, and some of the biological activity of the plants can be found in their 
endophytes (Yang, 2015). Fungi are known for their extraordinary contribution to drug 
production, as well as in managing diseases in animals and humans, as they produce a large 
variety of secondary metabolites of commercial and medicinal importance. 
 
Ethyl acetate extracts of all fungal endophytes showed activities against S. aureus, E. coli and 
M. bovis, with zones of inhibition of 7 mm while that of A. pullulans on B. subtilis was 19 mm. 
Other endophytic fungal extracts may have bioactive compounds in smaller amounts, and it is 




Some isolated endophytes in the study, P. leucadendri and Fusarium sp. may contain novel 
bioactive compounds that can be used against tuberculosis. Further studies on cytotoxicity and 
purification of the compounds still need to be evaluated. The potential of these fungal 
endophytes is of great interest, but further studies are required. 
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Chemotaxonomic profiling of fungal endophytes of Solanum mauritianum (alien weed) 




Since ancient times, medicinal plants have been used as conventional medicine in many parts 
of the world to promote human health and longevity. In recent years, many novel secondary 
metabolites of plants have been isolated and reported to provide lead compounds for new drug 
discoveries. Solanum mauritianum Scop., is native to South America, it been reported to be 
used by native Americans during famine as medicine to cure various diseases. In South Africa 
the plant is viewed as weed and facing eradication. Majority of plants have not undergone the 
potential for pharmaceutical, chemical uses. This study elucidated the metabolic profile of 
fungal endophytes that have promising bioactive secondary metabolites against pathogenic 
microorganisms including mycobacterium species.  
Fungal endophytes from a weed Solanum mauritianum Scop., were used to synthesize 
secondary metabolites.  Gas chromatograph high-resolution time-of-flight mass spectrometry 
(GC-HRTOF-MS) was used to analyse volatile compounds to prove the potential that fungal 
endophytes from weed in pharmacology. 
 
Extracts obtained with ethyl acetate were screened for phytochemicals and analyzed using a 
gas chromatograph high-resolution time-of-flight mass spectrometry system. Principal 
component analysis was used compare the gas chromatograph high-resolution time-of-flight 
mass spectrometry data for differences/similarities in their clustering. Phytochemical screening 
was conducted on the crude extracts of fungal endophytes obtained from different parts of 
Solanum mauritianum Scop.  (leaves, ripe fruit, unripe fruit and stems). 
 
The results indicate the presence of alkaloids, flavonoids, glycosides, phenols, quinones and 
saponins. Quinones were not present in the crude extracts of Fusarium sp. A total of 991 
compounds were observed in the fungal endophytes, and Cladosporium sp. (23.8 %) had the 
highest number of compounds, compared to Paracamarosporium leucadendri (1.7 %) and 
Talaromyces sp. (1.5 %). Some volatile compounds such as eicosane, 2-pentadecanone, 2-
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methyloctacosane, hexacosane and tridecanoic acid methyl ester with antibacterial activity 
were also observed.  
 
Compositional variations between the plant and fungal endophytes phytochemicals were 
observed. The results of this study indicate that fungal endophytes from Solanum mauritianum 
Scop. contain compounds that can be exploited for numerous pharmaceutical and medicinal 
applications.  
 
Keywords: Solanum mauritianum, fungal endophytes; antimicrobial, antioxidants, volatile 
organic compounds (VOC); gas chromatography (GC).  
 
Abbreviations 
GC-HRTOF-MS, Gas chromatograph high-resolution time-of-flight mass spectrometry VOC, 
volatile organic compounds; GC/MS, gas chromatography mass spectrometry; PCA, Principal 
component analysis; H2O2, Hydrogen peroxide; MPMERG, Molecular Pathogenesis and 
Molecular Epidemiology Research Group; PDA, Potato dextrose agar; PDB. potato dextrose 
broth; HCL, hydrochloric acid; FeCl3, Iron (III) chloride; H2SO4, Sulfuric acid; NaOH, sodium 
hydroxide; F, Fruit; L, Leaves; FELVM Fungal endophytes from leaves; FERFM, Fungal 
endophytes from ripe fruits; FESTM, Fungal endophytes from stem; FEURM, Fungal 














Plants yield a wide range of novel secondary metabolites that are used in medicine and are a 
rich source of bioactive molecules. It is likely that some of the bioactive molecules from higher 
plants can be produced by specific endophytes (Bhagat et al., 2012). The ripe fruit and leaves 
of the Solanum mauritianum Scop., native to South America, is known to be used medicinally 
to cure various diseases.  The plant is viewed as a weed in South Africa and is facing 
extermination (Cowie et al.,2018). A study conducted by Jayakumar and Murugan (Jayakumar 
and Murugan, 2016) lends credence to the view of S. mauritianum as a medicinal plant and 
provides its ethnopharmacological use (Jayakumar and Murugan, 2016). S. mauritianum is 
reported to have antioxidant activities and to exhibit protective effects against H2O2-induced 
oxidative damage (Jayakumar and Murugan, 2016), demonstrating the potential embedded in 
this plant.  
 
Plants in their natural habitats maintain mutualistic associations with endophytic microbes, 
where both partners benefit from each other (Sun et al., 2012; Pansanit and Pripdeevech, 2018). 
Notably, endophytes provide protection against pathogens, herbivores and parasites, increase 
the plant’s tolerance to droughts and low soil fertility and enhance plant growth (Shankar et 
al., 2014). They also help the plant’s resistance to biotic and abiotic stresses (Zhong et al., 
2011). Plants also harbour distinct microbes that may produce the same metabolites as the 
plant, which are even more notable secondary metabolites than those of their host (Luo et al., 
2016). Endophytes therefore play a significant role in the micro-ecosystem of plants and are 
recognized as rich sources of bioactive secondary metabolites, with antimicrobial, anti-viral, 
anti-tumour, insecticidal, antioxidant activities and antifungal and anticancer properties (Bhatia 
et al., 2016; Wu et al., 2016; Bogner et al., 2017; Mendoza et al., 2018; Kaddes et al., 2019). 
These secondary metabolites can also be applied in various fields such as agriculture, the food 
and textile industries, and have played a significant role in drug discovery and medicine for 
decades (Dias et al., 2012; Bhatia et al., 2016; Wu et al., 2016; Zhong et al., 2016; Bogner et 
al., 2017; Mendoza et al., 2018; Kaddes et al., 2019).  
 
Fungal endophytes are known to produce a particularly wide spectrum of secondary 
metabolites with a variety of useful biological, chemical and physical properties (Shankar et 
al., 2014; Zhong et al., 2016; Kaddes et al., 2019). They can be applied as bio-fumigators to 
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replace pesticides (Kaddes et al., 2019), in industrial chemicals (benzene), in solvents (acetone, 
toluene, xylene), in medicine as anti-inflammatory and immunosuppressant drugs (Rana et al., 
2019; Vasundhara et al., 2019) and in biological controls such as antifungal agents (Tilocca et 
al., 2020). Secondary metabolites from endophytic fungi, including alkaloids, phenols, 
flavonoids, hydrocarbons, quinines, volatile organic compounds (VOCs) and terpenes, all have 
documented anti-microbial, anti-fungal, anti-leishmanial, anti-neoplastic, anti-proliferative, 
antioxidant and insecticidal activities, and are well known to confer protection to the host plant 
(Shankar et al., 2014; Sánchez-Fernández et al., 2016; Bogner et al., 2017; Vasundhara et al., 
2019; Pelo et al., 2020).  
 
VOCs are low molecular weight compounds, with high vapour pressures that cause them to 
evaporate at ambient temperature (Kaddes et al., 2019; Naik, 2019). The majority of VOCs 
belong to five chemical groups, namely, amino acids derivatives, benzenoid aromatic 
compounds, fatty acid derivatives, phenylpropanoids and terpenoids. Although their 
biosynthesis is dependent on the metabolism of primary metabolites (Kaddes et al., 2019), 
several studies have reported their presence in fungal endophytes (Kaddes et al., 2019; Naik., 
2019; Wonglom et al., 2020). Modern instruments such as GC/MS have improved our ability 
to characterize fungal endophyte VOCs (Inamdar et al., 2014; Lee et al., 2016; Tilocca and 
Migheli, 2020). Most if not all, fungal species produce VOCs as mixtures of acids, alcohols, 
ethers, hydrocarbons, aldehydes, esters, ketones and sulphur compounds (Hung et al., 2015). 
This study profiled secondary metabolites produced by eight fungal endophytes isolated from 
S. mauritianum. To the best of our knowledge, this investigation constitutes the first report on 
secondary metabolites of fungal endophytes isolated from S. mauritianum. 
 
4.2. Materials and Methods  
4.2.1. Sample preparation 
Solanum mauritianum Scop. plant material was collected at the University of Johannesburg 
Doornfontein Campus, in Johannesburg, Gauteng in South Africa (S26.11 32.6 E28.03 28.9.). 
The plant is part of the vegetation growing on campus. The plant material was collected in 
summer and winter. Fresh fruit (ripe and unripe), leaves and stems were collected from healthy 
plants of S. mauritianum and identified by the University of Johannesburg Herbarium. A 
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voucher specimen number BTNPSP02 was issued. Fungal endophytes were isolated within 24 
hours of collection in the Molecular Pathogenesis and Molecular Epidemiology Research 
Group (MPMERG) laboratory of the Biotechnology and Food Technology Department at the 
University of Johannesburg and identified as reported in a previous study (Pelo et al., 2020). 
The fungal endophytes used in this study were initially isolated and identified in our previous 
study (Pelo et al., 2020). The eight fungal endophytes investigated in this study were 
Paracamarosporium leucadendri, Aureobasidium pullulans, Collectotrichum boninense, 
Cladosporium sp., Fusarium sp., Talaromyces sp., Hyalodendriella sp., and Penicillium 
chrysogenum (from the leaves), Penicillium chrysogenum (from the unripe fruit) (Pelo et al., 
2020). 
 
4.2.2 Extraction of crude extracts from fungal endophytes 
Endophytes were isolated, purified and identified, as previously reported (White 1999; Huang 
et al., 2007; Larran et al., 2007). Molecular identification of the isolates was performed by 
Inqaba Biotec Africa’s Genomics Company according to Katoch et al. (Katoch et al., 2017). 
The identified fungal endophytes grown on potato dextrose agar (PDA) (Marcello et al., 2017) 
were cut into 10 mm plugs as explained by Pelo et al., (Pelo et al., 2020) and grown on potato 
dextrose broth (PDB) for 14 days at 25℃ ± 2℃ under static conditions. Next, two different 
solvents, ethyl acetate and chloroform, were used for extraction. 100 ml of either ethyl acetate 
or chloroform were added to bottles, agitated and filtered. The filtrates were then left at room 
temperature for 24 hours. The solvent phase was concentrated with a rotavapor Labtech 
EV311H (Kempton Park, SA) under vacuum at 40℃. The crude extracts were transferred into 
McCartney bottles and left under laminar flow to dry.  
 
4.2.3. Phytochemical analysis 
A small portion of the dry crude extract was subjected to phytochemical assays using the 
methods of Trease and Evan (Trease and Evan, 1983), Adegboye et al. (Adegbove et al., 2008), 
Chakraborthy et al. (Chakraborthy et al., 2015) and Alaje et al. (Alaje et al., 2014) to test for 




4.2.3.1. Alkaloids  
About 5 ml of 1% hydrochloric acid (HCL) solution was added to 0.5 g of the crushed plant 
material and placed in a boiling water bath, then 1 ml was collected into a clean container and 
a few drops of Dragendroff’s reagent was added. A positive reaction is indicated by turbidity 
or precipitation. 
 
4.2.3.2. Cardiac glycosides 
About 2 ml of the crude extract was mixed with 1 ml of glacial acetic acid, then 2 drops of iron 
(III) chloride (FeCl3) was added and this was followed by 1 ml of concentrated sulfuric acid 
(H2SO4). A positive reaction was indicated by a brown ring, and a ring with a violet colour, 
which may appear below the brown coloured ring. 
 
4.2.3.3. Flavonoids 
Approximately 0.5 g of the powdered plant sample was mixed with 10 ml of ethyl acetate and 
heated over a steaming water bath for 3 minutes and filtered. 4 ml was removed, and 1 ml of 
ammonia solution was added and then shaken. Positive results were determined by a yellow 
colouration that disappeared after a while. 
 
4.2.3.4. Glycosides 
Approximately 1 ml of the extract was mixed with 1 ml of water in a test tube, and 3 drops of 
sodium hydroxide (NaOH) were added. A yellow colour indicated the presence of glycosides. 
 
4.2.3.5. Phenols 
About 1 ml of the extract was mixed with 1 ml of water in a test tube, and 1 to 2 drops of FeCl3 




About 1 ml of the extract was mixed with 5 ml of HCL. The formation of a yellow-coloured 




About 10 ml of all the extracts in different solvents were shaken dynamically to obtain a stable 
froth. The froth was then mixed with 3 drops of olive oil and shaken vigorously. Positive results 
were indicated by a stable formation of emulsion and froth after adding the oil. 
 
4.2.4. GC-HRTOF-MS analysis 
About 1 mg of the dry crude extract (secondary metabolites) was weighed and dissolved into 
1 ml of analytical grade methanol and thoroughly vortexed, and then filtered with a 0.2 µm 
filter syringe. Next, the samples were transferred to an autosampler vial and immediately 
analysed. A gas chromatography high resolution time-of-flight (GC-HRTOF-MS) instrument 
(LECO Corporation, St. Joseph, MI, USA) was used for the analysis, calibrated before use. 
Subsequent samples were analyzed using a Pegasus GC-HRTOF-MS instrument (LECO 
Corporation, St. Joseph, MI, USA), equipped with Agilent 7890A gas chromatography 
(Agilent technology, Inc, Wilmigton, DE, USA), operating in high resolution with a Gerstel 
MPS multipurpose auto-sampler (Gerstel Inc, Germany). The column used was a 30 m x 0.25 
mm ID x 0.25 µl Rxi®-5 ms column (Pennslvania, US). Carrier gas used was helium at a flow 
rate of 1 ml/min. Samples were injected in a splitless mode, and the injection volume was 1 µl 
for each sample. The inlet and transfer line temperatures were set at 250 and 225°C, 
respectively. The oven temperature was set initially to 70°C, and maintained at this temperature 
for 0.5 min. It was then increased to 150°C, at 10°C per min, held for 2 min, and then raised to 
330°C at 10°C per min for 3 min. The detector voltage was set at 70 eV for electronic 
ionization. The MS data acquisition rate of 13 spectra/s m/z was recommended, with a range 
of 30–700.  
 
The collected data from GC-HRTOF-MS was formatted and processed on the LECO Chroma 
TOF-HRT software. Peaks and mass spectra were compared with NIST, Mainlib and Feihn 
metabolomics libraries. Each identified metabolite was assigned a name when the similarity 
value (SV) was ˃ 70%. Multivariate data analysis based on PCA was done on soft independent 







4.3. Results and Discussion 
4.3.1. Phytochemical analysis of crude extracts from fungal endophytes.  
Phytochemical analysis was conducted qualitatively to screen for different phytochemical that 
are synthesis by fungal endophyte as seen in Table 4.1. Two solvents ethyl acetate and 
chloroform were used to extract phytochemical present in the crude extracts of fungal 
endophytes and compared.  
Table 4.1: List of phytochemicals that were screened from fungal endophytes of S. 
mauritianum. 
 (-) Not present, (+) least, (++) less, (+++) moderate, (++++) more, (++++) most, (F)- fruits 




































































































































Chloroform ++ ++ 
++++
+ 







- +++ ++ 
++++
+ 
+ + ++ 
++++
+ 













































+ ++ ++ ++ ++ ++ ++ ++ 
Chloroform + ++ ++ 
++++
+ 




































































Ethyl acetate and chloroform were solvents to extract alkaloids, as seen in Table 4.1. Alkaloids 
were detected in all eight fungal endophyte crude extracts but were abundant in Cladosporium 
sp., P. chrysogenum (leaves) and Talaromyces sp. extracts of both chloroform and ethyl 
acetate. According to Palazón et al. (Palazón, et al., 2006), alkaloids are frequently obtained 
bioactive compounds. One of the main characteristics of alkaloids is its ring structure that 
contains a nitrogen group, and it is usually present in plants as salts, but is easily extracted with 
mild acids or water and recovered with a base. Alkaloids are known to be poisonous, and so 
they play a significant role in ethnomedicine. Formerly, the main sources of alkaloids were the 
genera Brugmansia, Datura and Solanaceae (Palazón, et al., 2006).  Recently, they were 
reported in the fungal endophytes isolated from S. mauritianum, including caulophyllumine-A 
with antioxidant activity (Jayakumar et al., 2016). 
 
Cardiac glycosides were detected in all eight fungal extracts except in the ethyl acetate extracts 
of A. pullulans. They were abundant in the chloroform extracts of Cladosporium sp., Fusarium 
sp., Hyalodendriella sp., and in the ethyl acetate extracts of Talaromyces sp. Cardiac glycosides 
are known to increase the capacity of the heart’s ability to pump blood, and some, such as 
digoxin and digitoxin, derived from fungal endophytes of Digitalis lanata, are used to treat 
congestive heart failure, although they are toxic in high doses (Kaul et al., 2013). 
 
Flavonoids are widely distributed as polyphenolics, and are a significant class of secondary 
plant metabolites, with a broad range of health benefits, including antibacterial, antifungal and 
antioxidant effects, associated with mitigating several diseases such as atherosclerosis, 
Alzheimer's disease and cancer (Bu et al., 2016; Panche et al., 2016). They have anti-
carcinogenic, anti-mutagenic, anti-inflammatory and antioxidant properties, with the ability to 
modulate and inhibit enzymes. They are found in different plants, indeed in different plant parts 
such as bark, flower, roots and stem, grains, fruits and vegetables, as well as in different 
beverages such as tea and wine (Shiono et al., 2011). They are also components of various 
cosmetic, nutraceutical, medicinal and pharmaceutical applications. In this study flavonoids 
were present in both crude extracts (ethyl acetate and chloroform) of the fungal endophytes A. 
pullulans, Fusarium sp., Hyalodendriella sp., P. chrysogenum (Fruit), P chrysogenum (leaves) 
and Talaromyces sp. They were not present in the ethyl acetate extracts of Paracamarosporium 
leucadendri and Cladosporium sp. Overall, the presence of flavonoids in most of the 
endophytic extracts suggests that it may have potential benefits for human health.  
95 
 
Glycosides were present in more of the chloroform extracts than in the ethyl acetate extracts 
and were observed in the crude extracts of A. pullulans, Cladosporium sp., Fusarium sp., 
Hyalodendriella sp., and Talaromyces sp., but were not detected in the crude extracts of P. 
leucadendri and P. chrysogenum (F). A similar observation was observed in 
Paraconiothyrium sp. MY-42, a fungal endophyte, and in that study the glycosides reportedly 
displayed anticancer properties against leukaemia cells (Shiono et al., 2011). 
 
Phenols were present in all the crude extracts of the eight fungal endophytes but were mostly 
abundant in the chloroform extracts of Fusarium sp. and Talaromyces sp. Phenols are known 
as the best antioxidants, due to their ability to scavenge free radicals in human blood plasma 
by transferring electrons or hydrogen (Tempesta, 2004). In a study conducted on Fritillaria 
unibracteata var. wabuensis fungal endophytes, Fusarium spp. were the most abundant 
endophytes isolated, and produced various bioactive compounds and antioxidant phenolic 
compounds (Pan et al., 2017).  
 
Quinones were not observed for either the chloroform or the ethyl acetate crude extracts of 
Paracamarosporium leucadendri, Cladosporium sp. and Fusarium sp. see Table 4.1. There are 
numerous reports on quinones regarding their biological activities and some antitumor 
activities, for example, emodin produced by Aspergillus and other fungal species shows 
antiparasitic activity, and some dyes and pigments contain quinine derivatives. Some of these 
pigments are cytotoxic, most of which originate from Ascomycota (Kaul et al., 2013; Yadav et 
al., 2019). In this study quinones were present in some of the fungal endophyte extracts, 
namely, Aureobasidium pullulans, Cladosporium sp., Hyalodendriella sp., Penicillium 
chrysogenum (F), Penicillium chrysogenum (L) and Talaromyces sp. as seen in Table 1. 
 
Saponins were detected in all samples, which indicates the possibility of using these fungal 
endophytes in the production of saponin-related compounds, particularly because they are 
currently used as dietary supplements (Shan et al., 2012; Emran et al., 2015). Saponins are also 
applied in various pharmaceutical products owing to their pharmacological properties such as 
antiviral, anti-proliferation, anti-angiogenesis, anti-cancer, anti-inflammatory, anti-metastasis 
and antimicrobial activity (Wu et al.,2012). They also have cardiovascular protective activity, 
reversal of multidrug resistance effects and reduce radiotherapy and chemotherapy side effects 
(Xu et al., 2016). S. mauritianum fungal endophytes therefore merit attention and could be 
explored as a potential source for drugs in the pharmaceutical industry.  
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4.3.2. GC-HRTOF-MS analysis of volatile compounds synthesis from fungal endophytes  
Metabolites of the crude extracts were analysed with a GC-HRTOF-MS, and data generated 
was pre-processed on ChromaTOF and subsequently analysed with PCA. The resulting PCA 
plot in Fig. 4.1(A) showed that the metabolites from fungal endophytes were grouped, and they 
were analysed based on the plant part from which they were isolated. This was done to 
understand and compare metabolites based on which plant parts are mostly used to treat various 
ailments. A. pullulans was isolated from the stem, P. leucadendri, Cladosporium sp. and 
Fusarium sp. were isolated from the ripe fruit, Hyalodendriella sp. and P. chrysogenum (F) 
were isolated from the unripe fruit and P. chrysogenum (L) and Talaromyces sp. were isolated 
from the leaves.  
 The PCA score plot explained 59.4% of the data, with PC1 contributing 48.9% and PC2 
contributing 10.5%. In the PCA score plot Fig. 4.1A in the PC1 direction, a separation of 
metabolites of eight fungal endophytes from four different plant parts (FELVM-leaves, 
FERFM-ripe fruit, FESTM-stem and FEURM-unripe fruit) was observed. The clear separation 
and clusters suggest the differences and possible similarities in metabolites based on different 
characteristics. As observed in Fig. 4.1A, the groupings and clustering of the metabolites could 
be attributed to the similarities in the investigated metabolites. 
  
Figure 4.1: (A) PCA score plot of metabolites of fungal endophytes extracts from different 
plant parts and (B) PCA loadings of metabolites of fungal endophytes extracts from different 
plant parts. FESTM - crude extracts of the fungal endophytes isolated from the stem; FERFM 
- crude extracts of the fungal endophytes isolated from the ripe fruit; FEURM - crude extracts 
of the fungal endophytes isolated from the unripe fruits and FELVM - crude extracts of the 












The metabolites of the fungal endophytes isolated from the ripe fruit (FERFM) are dispersed 
and are far from the other metabolites from different plant parts Fig. 4.1A. This suggests that 
fungal endophytes isolated from the ripe fruit synthesised different metabolites to those of the 
other metabolites of fungal endophytes from other plant parts (leaves, unripe fruit and stem). 
The crude extracts of fungal endophytes, that were isolated from the ripe fruit showed 
inhibition against pathogenic microorganisms which were identified in a previous study by the 
authors (Pelo et al., 2020). We also observed that the metabolites from the fungal endophytes 
of the leaves (FELVM) are somewhat similar to those of the unripe fruit (FERFM) and stem 
(FESTM). A much closer clustering was observed for FESTM (A. pullulans) and FEURM (P. 
chrysogenum (F) and Hyalodendriella sp.) Most studies that are conducted on medicinal plants, 
they focus on the use of leaves and stem, they hardly mention the use of fruits in traditional 
medicine. Plants fruits are viewed as source of nutrition not as medicine. Jayakumar et al., 
compared the consumption of ripe fruit of S. mauritianum to vegetables (Jayakumar et al., 
2016). While a study conducted by Cowie et al. determined that S. mauritianum unripe fruit 
are poisonous as they contain the glycoalkaloid solanine (Cowie et al., 2018) and solanine 
naturally occurs in nightshades and is used for defence mechanism against fungi and pesticides 
(Kuete, 2014). A study of medicinal value of metabolites from the leaves, stem, unripe fruit as 
well as the ripe fruit of S. mauritianum constitutes is a novel approach for drug discovery and 
pharmaceutical research for cure or vaccines. The generated PCA loading plot depicted in Fig. 
4.1(B) shows the identification and selection of metabolites, further illuminating the observed 
differences and similarities of grouping. 
 
4.3.2.1 Comparison of volatile metabolites harvested in Winter and Summer  
The Venn diagram in Fig. 4.2 shows several unique and common statistically significant 
metabolites of fungal endophytes, grouped according to the plant source from which they were 
isolated, and in which season the most metabolites are produced. The centre, where all points 
meet, indicates the same metabolites detected from all the 8 fungal endophyte groups according 
to which plant part from which the fungal endophytes were isolated 25 see Fig. 4.2A and 15 in 
Fig. 4.2B metabolites were detected during winter and summer, respectively, an indication that 
the endophytes produced similar secondary metabolites but varied according to the season or 
temperature (Soni et al., 2015). Some of the similar volatile compounds that were collected and 
analysed in winter were amines, alkenes, esters, ketones and alcohols such as 3-Eicosene, (E)-
, 7-Hexadecene, (Z)-, Butanedioic acid, diethyl ester, 1-Dodecanol, Ethanol, 2-(2-
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ethoxyethoxy)-and Maltol. Based on our knowledge this is the first-time metabolites from 
fungal endophytes of Solanum mauritianum Scop.have been analysed. The outer parts of the 
figures where the colours remain separate represent the metabolites that were discrete. Where 
the colours mix or merge this represents the metabolites found in two or more fungal 
endophytes which are similar. The metabolites that were observed in both winter and summer 
in the Venn Diagrams are represented in Table 4.2 (25 and 15 respectively) and are at the centre 
of the Venn diagram.   
 
 
    
Figure 4. 2: Venn diagram shows the comparison between the metabolite of fungal endophytes 
extracted in Winter Fig. 4.2(A) and Summer Fig. 4.2(B). The metabolites were classified based 
on which plant part the endophytes were isolated, FERFM – Ripe fruit fungal endophytes; 
FESTM – Stem fungal endophytes; FEURM – Unripe fruit fungal endophytes and FELVM – 
Leaves fungal endophytes. 
 
When comparing the metabolites synthesized in summer and in winter, we observed that more 
metabolites were synthesized by the fungal endophytes in winter than in summer. It could be 
speculated that during harsh environmental conditions, endophytes tend to offer more 
protection and upregulate the hosts’ (plant) defence system. This phenomenon has been 
reported in a study on Crocus sativus by Wani et al. (Wani et al., 2016), which explains the 
significant role played by endophytes in protecting the host plant against abiotic and biotic 
stresses, to produce secondary metabolites of biological importance. Other authors have 
pointed out that fungal endophytes and their metabolites are also known to increase the host’s 




immunity and to maintain growth under stress (Prabukumar et al., 2015; Katoch et al., 2017). 
These results further provide insight into the relationships that occur between plants and their 
endophytes.  
 
A combined total of 991 VOCs was observed from the GC-HRTOF-MS analysis of the eight 
crude extracts of fungal endophytes. In this study we only focused on the volatile compounds 
that were similar across all eight fungal endophytes Table 4. 2 with the assistance of the Venn 
diagram depicted in Fig. 4.2A and Fig. 4.2B.  
Table 4.2: Some of the similar volatile compounds that were obtained in winter and summer 




m/z MF MC 
Winter volatile compounds 
1,4-Benzenediamine, N-(1,3-
dimethylbutyl)-N'-phenyl- 
29:01  C18H24N2   Amine 
1-Dodecanol 19:31 239696 C12H26O Fatty alcohol 
2-Ethoxy-3-chlorobutane 04:07 1139739 C6H13ClO  Ether 
2,4-Di-tert-butylphenol 20:06 1249951 C14H22O Alkylphenols 









15:29 214378 C6H8O4 Ester 
7-Hexadecene, (Z)- 18:24 688162 C16H32 Alkene 
Acetyl chloride 10:30 15211 C2H3CIO Thioester 
Benzoic acid, 4-iodo-2-(2-methyl-1-
oxopropylamino)- 
08:24 9913 C11H12INO3  Phenylone 
Benzothiazole 16:31 1768340 C7H5NS  Heterobicyclic 
Butane, 1-ethoxy- 03:49 
7184011
3  









Butanedioic acid, diethyl ester 15:43 451462 C8H14O4  Ester 
Cyclotrisiloxane, hexamethyl- 17:12 140639 C6H18O3Si3 Siloxane 
Cyanogen chloride 11:24 13532 CClN  Hydrocyanic acid 
Dimethyl sulfone 13:11 27026  C2H6O2S  Sulfones 
Dimethyl Sulfoxide 08:17 12030 C2H6OS  Amide 
Dimethylsulfoxonium formylmethylide 07:09 16778 C4H8O2S   Sulfur 
Ethanol, 2-(2-ethoxyethoxy)- 13:49 6366698 C6H14O3 Alcohol 
Maltol 15:05 130647 C6H6O3  Ketone 
Phenol, 2,5-bis(1,1-dimethylethyl)- 20:44 565419 C14H22O   Phenolic 
Pentachlorophenyl trans-crotonate 24:35 11262 C10H5Cl5O2  Phenolic 
S-Methyl methanethiosulphonate 14:31 1579982 C2H6O2S2 Sulfonic acid 
Summer volatile compounds 
4,8,12,16-Tetramethylheptadecan-4-olide 21:27.02 246.1271 C21H40O2 
Alkane 
hydrocarbon 
Trichloromethane 3:07.97 117.9140 CHCl3 Alkane 







Hexacosane 20:01.30 210.2341 C26H54 Acyclic alkane 
Tetratetracontane 22:33.22 314.2602 C44H90 Acyclic alkane 
2-methyloctacosane 27:30.90 378.0494 C29H60 Acyclic alkane 
Octacosane 14:01.42 165.1024 C28H58 Acyclic alkane 
Fumaric acid, ethyl 2,3,5-trichlorophenyl 
ester 
10:06.88 331.0635 C12H9Cl3O4 FAME 
Glutaric acid, di(but-3-en-2-yl) ester 17:43.51 179.1440 C13H20O4 FAME 
2-Pentadecanone 17:04.89 249.9084 C15H30O Ketone 
Hexadecane 11:31.88 141.1643 C16H34 
Alkane 
hydrocarbon 
2,4-Decadienal, (E,E)- 8:16.43 152.1200 C10H16O Fatty aldehyde 
Eicosane 15:53.10 255.3004 C20H42 Acyclic alkanes 




The volatile organic compounds observed in Table 4.2 were subsequently grouped into 
aliphatic and aromatic hydrocarbons, alcohols, amides, benzene derivatives, esters, fatty acids, 
ketone and phenols. Some of the VOCs have biological and pharmaceutical importance, such 
as 1,4-benzenediamine, N-(1,3-dimethylbutyl)-N'-phenyl, an antioxidant that has the ability to 
biologically accumulate in tissues (Prosser et al., 2017) and can protect the plant from ozone 
(Minning et al., 2011). S-methyl methanethiosulphonate was reported by Makarov et al. 
(Makarov et al., 2019) as a novel reversible inhibitor of thiol-based activity in proteins, with 
the ability to alkylate proteins and enzymes with a thiol group, and to protect proteins without 
a thiol functional group from irreversible oxidation (Sun and Gou, 2012). 2-Ethoxy-3-
chlorobutane is an abundant compound in Quranic plants mixtures and has been proven to have 
anti-inflammatory properties (Alam, 2015; Mkarov et al., 2019).  
 
In an experiment conducted by Gonzalez Audino et al. (Audino et al., 2007), 1-dodecanol, a 
known insecticide, was added in a trial lotion to be used against resistant head lice and was 
reported to improve the lotion’s effectiveness against the resistant head lice Pediculus humanus 
capitis De Geer. 1-dodecanol was observed in our study, and was detected in all eight fungal 
endophytic extracts, as seen in Table 4.2. 3-Eicosene, (E)- was detected in Calotropis procera 
and proved to have anti-fungal properties against Aspergillus fumigatus, A. niger, Microsporum 
canis, Microsporum fulvum and Trichophyton mentagrophytes (Verma et al., 2012). 4H-Pyran-
4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-, which was observed in all eight fungal 
endophytic extracts, is a phytol first detected in methanol extracts of Citrus unshiu leaves and 
is reported to have anticancer properties (Song et al., 2015). Benzothiazole is a bicyclic ring 
system with multiple applications such as anti-diabetic, analgesic, anti-convulsant, anti-
inflammatory, anti-malarial, anti-microbial, anti-thelmintic and antitumour activities (Gill et 
al., 2015).  
 
4,8,12,16-Tetramethylheptadecan-4-olide is a possible source of vitamin E (Rontani et al., 
2007), has antimicrobial activity (Osama et al., 2017) and anti-breast cancer properties, as 
reported by Swantara et al. (Swantana et al., 2019) in a study investigating the volatile 
compounds of the sponge Xestospongia testudinaria against HeLa cancer cells. The study 
demonstrates the significance of 4,8,12,16-Tetramethylheptadecan-4-olide as a possible 
anticancer drug, which was synthesised in this study by fungal endophytes Aureobasidium 
pullulans, Paracamarosporium leucadendri, Cladosporium sp., Fusarium sp., Hyalodendriella 
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sp., Penicillium chrysogenum, Penicillium chrysogenum and Talaromyces sp. (Swantana et al., 
2019). 
 
Benzyl benzoate is an insect repellent and is reported to be one of the oldest drugs to treat 
scabies (Sharma et al., 2016; Salavastru et al., 2017). This was detected in the crude extracts 
of A. pullulans, Cladosporium sp., Fusarium sp., Hyalodendriella sp. and P. chrysogenum (L). 
Tetratetracontane (Table 4.2) from all eight fungal endophytes and has been reported to have 
anti-candidal activity against Candida albican and C. glabrata (Ngo-Mback et al., 2019). 
Eicosane has been reported to have antifungal properties and skin regeneration and 
antibacterial properties (Chuah et al., 2018; Umaru et al., 2019). Eicosane also has anti-
inflammatory and proliferation properties and antioxidants (Alsultan et al., 2019). 2-
Pentadecanone has been reported to have skin regeneration and antibacterial properties 
(Siyambwa et al., 2019). Tridecanoic acid methyl ester was reported to have biological activity 
such as antibacterial and antifungal properties in a study conducted by Belakhdar et al. 
(Belakhdar et al., 2015). Hexacosane was identified in the Sanseveria liberica plant and has 
antibacterial activity (Rukaivat etal., 2015). 2-methyloctacosane has antimicrobial properties 
against A. flavus, C. albicans, Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa and 
Staphylococcus aureus (Barretto and Vootla, 2018). A study conducted by Ntalli et al. (Ntalli 
et al., 2016) reported that 2,4-decadienal, (E,E)- showed strong activity against Meloidogyne 
arenaria, Meloidogyne incognita and Meloidogyne javanica parasitic nematodes and promoted 
tomato growth. Based on our knowledge, this is the first time that volatile compounds produced 
by fungal endophytes from S. mauritianum have been reported. These volatile compounds are, 
moreover, bioactive and have been proven to have broad antimicrobial activity (Rukaivat et 
al., 2015; Barretto and Vootla, 2018; Siyumbwa et al., 2019; Umaru et al., 2019). 
 
4.3.2.2. Comparison of volatile compounds from fungal endophytes 
We further probed metabolite distribution of the fungal endophytes A. pullulans, Cladosporium 
sp., Hyalodendriella sp., and P. chrysogenum (L) from the stem, ripe fruit, unripe fruit and 
leaves respectively, as observed in Fig. 4.3(A and B). Different metabolites are distinctively 
separated from each other on the PCA score plot, with the PCA explaining 60.5 and 60.7%, 
respectively. The relatively close clusters of A. pullulans and Hyalodendriella sp. in Fig. 4.3(A) 
suggest that these fungal endophytes share some common volatile compounds, in contrast to 
the volatile compounds of Cladosporium sp. and P. chrysogenum (L). The distribution of 
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Cladosporium sp. was quite distinct, suggesting that the metabolites of this fungal endophyte 
might be quite different to the others. In a previous study we observed that Cladosporium sp. 
inhibited most of the pathogenic microorganisms at higher concentration than A. pullulans, 
Hyalodendriella sp., and P. chrysogenum (L) (Pelo et al., 2020). This could be related to the 




Figure 4.3: (A) PCA score plot of metabolites of fungal endophytes A. pullulans, Cladosporium 
sp., Hyalodendriella sp., and P. chrysogenum (L) extracts. (C) PCA score plot of metabolites 
of fungal endophytes P. leucadendri, Fusarium sp., P. chrysogenum (F) and Talaromyces sp. 
extracts. (B) PCA loadings of metabolites of fungal endophyte extracts with the least 
antimicrobial activity. (D) PCA loadings of metabolites of fungal endophyte extracts with the 
most antimicrobial activity 
 
The PCA score plot showed the multivariate comparison of the fungal endophytes. The fungal 
endophytes showed inhibition against pathogenic microorganisms at concentration below 10 
mg/ml for P. leucadendri, Fusarium sp., P. chrysogenum (F) and Talaromyces sp. Fig. 4.3C 





chrysogenum (L) Fig. 4.3A and Fig. 4.3B, which inhibited pathogenic microorganism at 
concentrations above 10 mg/ml, as explained in our previous study (Pelo et al., 2020). The 
results showed a separation of sample clusters, suggesting different metabolites contributing to 
these variances, summarised in Fig. 4.3C Significant metabolites contribute to the variation 
between the four fungal endophytes metabolites. P. leucadendri, P. chrysogenum (F) and 
Talaromyces sp. clustered while Fusarium sp. scattered away from the other metabolites. 
Fusarium sp. reveals that the different metabolites have characteristic that are dissimilar to 
those that clustered together.  The PCA loading plot in Fig. 4.3D shows the visualization of 
metabolites, contributing to the observed difference and similarities of grouping.  
 
        
Figure 4.4: Venn diagram showing a comparison between fungal endophyte metabolites (A) 
S1 - Aureobasidium pullulans, S3 - Cladosporium sp., S5 - Hyalodendriella sp. S7 - 
Penicillium chrysogenum (L) and (B) demonstrates metabolites of S2 - Paracamarosporium 
leucadendri; S4 - Fusarium sp.; S6 - Penicillium chrysogenum (fruits), and S8 - Talaromyces 
sp.     
 
The Venn Diagram reveals the relationship of different endophytes isolated from different plant 
parts that play different or similar roles, and therefore some will synthesize similar metabolites.  
In Fig. 4.4A we observe, that out of 302 metabolites, synthesised by all four fungal endophytes, 
namely, Aureobasidium pullulans, Cladosporium sp., Hyalodendriella sp. and Penicillium 
chrysogenum (L), only 11 metabolites are similar. Cladosporium sp. had 115 metabolites, 
compared to the other three fungal endophytes, where Aureobasidium pullulans had 51 




metabolites. The eleven metabolites that were similar amongst all four fungal endophytes are 
tabulated in Table 4.3. 
 
Fusarium sp. (S4) synthesized 133 metabolites, which was more than the other three fungal 
endophytes combined, with Paracamarosporium leucadendri producing 18, Penicillium 
chrysogenum (fruit), 65 and Talaromyces sp., 14. We also observed that Fusarium sp. and 
Penicillium chrysogenum (F) from (ripe and unripe fruit, respectively) had 15 similar 
metabolites, Paracamarosporium leucadendri, and Fusarium sp. had only two had similar 
metabolites, Paracamarosporium leucadendri and Penicillium chrysogenum (F) had 4 similar 
metabolites, Penicillium chrysogenum (F) and Talaromyces sp. had 1 similar metabolite, 
Paracamarosporium leucadendri, Fusarium sp. and Penicillium chrysogenum (F) had 10 
similar metabolites, Paracamarosporium leucadendri, Penicillium chrysogenum (F) and 
Talaromyces sp. had only had one similar metabolite, and Fusarium sp., Penicillium 
chrysogenum (F) and Talaromyces sp. also had 1 similar metabolite.  
 
Table 4.3 shows the similar volatile compounds that were identified amongst A. pullulans, 
Cladosporium sp., Hyalodendriella sp., and P. chrysogenum (L), established in the Venn 
diagram in Fig. 4.4(A). 
 
Table 4. 3: Similar volatile compounds from Aureobasidium pullulans, Cladosporium sp., 




m/z MF MC 
4,8,12,16-Tetramethylheptadecan-4-
olide 





26:19 176.1519 C11H16FNO3 Amide 
Benzyl Benzoate 15:36 212.0834 C14H12O2 Ester 
Eicosane 15:53 255.3004 C20H42 Alkane 
Fumaric acid, ethyl 2,3,5-
trichlorophenyl ester 
10:06 331.0635 C12H9Cl3O4 FAME 
Glutaric acid, di(but-3-en-2-yl) ester 17:43 179.1440 C13H20O4 Ester 
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Hexacosane 20:01 210.2341 C26H54 Alkane 
Hexadecane 11:31 141.1643 C16H34 Alkane 
Octacosane 14:01 165.1024 C28H58 Acyclic alkane 
Trichloromethane 3:07 117.9140 CHCl3 Alkane 
Tridecanoic acid, methyl ester 21:09 227.2020 C14H28O2 FAME 
R.t.–Retention time; m/z- mass to charge ratio; MF-Molecular formula; MC-Molecular class; 
FAME-Fatty Acid Methyl Ester. 
 
When we compared the metabolites A. pullulans, Cladosporium sp., Hyalodendriella sp., and 
P. chrysogenum (L), about eleven metabolites were observed to be similar in Fig 4.4A. 
Hexacosane is a volatile oil which plays a role in plant metabolites (PubChem). Tridecanoic 
acid methyl ester is a fatty acid methyl ester that also plays a role in plant metabolites PubChem. 
Some compounds with bioactivity are shown in Table 4.2, such as Glutaric acid, di(but-3-en-




In this study eight fungal endophytes were obtained from Solanum mauritianum Scop.  and 
were used to conduct the analysis of volatile metabolites obtained from the crude extracts. 
Volatile metabolites were synthesized in different seasons and identified. Phytochemicals and 
volatile metabolites were found in the crude extracts of the fungal endophytes, with the most 
abundant being saponins and quinones. A number of volatile secondary metabolites were 
identified using GC-HRTOF-MS, with PCA assisting with an infographic grouping of the 
metabolites. In addition, some VOCs were identified to have a broad spectrum of biological 
activities, such as antibacterial, antifungal, anti-nematode, anti-inflammatory and antioxidant. 
However, others were identified to have noteworthy potentials, for example, 1-dodecanol is an 
insecticide against the resistant head lice Pediculus humanus capitis De Geer, Benzyl benzoate 
is an insect repellent for scabies, 4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6-methyl-, 
4,8,12,16-Tetramethylheptadecan-4-olide have anti-cancer properties and Benzothiazoles have 
anti-malarial properties. In conclusion, Solanum mauritianum Scop.possesses fungal 
endophytes with important volatile secondary metabolites which can be useful in the 
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pharmaceutical industries and could be further researched for treatments for cancer and 
tuberculosis. Fungal endophytes are a key source for novel drugs. 
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Owing to the complexity and structural variability of their secondary metabolites, endophytic 
fungi is now an ideal prospect for discovering new leads. These endophytic microbial products 
may deliver a variety of biological activities, including antimicrobial, anticancer, antiviral, 
antibiotics, antiparasites and immuno-suppressant material. They can protect and survive their 
plants by producing a variety of chemically complex and structurally unparalleled secondary 
metabolite. In this study, we analysed the metabolite profiles of Paracamarosporium 
leucadendri, Fusarium sp. and Penicillium chrysogenum isolated from Solanum mauritianum 
Scop.  
Untargeted compounds were identified with liquid chromatography quadrupole time-of-flight 
mass spectrometry (LC-QTOF-MS/MS). High resolution LC-MS was used to explore the 
chemical nature of the secondary metabolites of the crude extracts of fungal endophytes 
isolated from Solanum mauritianum Scop. LC-QTOF-MS/MS analysis of the non-targeted 
compounds were done using water and acetonitrile gradient. We identified 8 parent compounds 
from Paracamarosporium leucadendri, 16 parent compounds from Fusarium sp. and 8 parent 
compounds from Penicillium chrysogenum (from the leaves). Among the identified 
compounds 15% showed higher concentration than their parent compound in crude extracts, 
especially the compounds from Fusarium sp., Actinidine; Benzocaine; Messagenin; Montanol; 
2-[tert-butyl(methyl)amino]ethanethiol and N-[4-(3-aminobutylamino)butyl]-N'-[8-
(diaminomethylideneamino)octyl]-2-methoxypropanediamide. Thirty-two parental 
compounds with known antibacterial, antifugal and antiviral activities were identified from 
four endophytic fungi.  
 
Key words: fungal endophytes, Fusarium, LC-QTOF-MS, secondary metabolites 
 





Fungal endophytes are known to have a symbiotic relationship with plants that ranges from 
commensalism, mutualism to parasitism (Hassan et al., 2017; Aly et al., 2013; Panaccione et 
al., 2014). Over the past decades fungal endophytes have attracted attention of many fields that 
includes biologist, ecologist, chemist, mycologists and taxonomist. Currently, researchers are 
trying to better understand the relationship that fungal endophytes have with plants, 
environment, ecology, evolution, the natural product they produce and the impact they have in 
the ecosystem (Aly et al., 2011; Lakra et al., 2013). They may be transmitted horizontally via 
airborne spores or vertically via seeds (Hodgson et al., 2014; Panaccione et al., 2014; Gibert 
and Hazard, 2013). Alternaria alternata and Cladosprium sphaerospermum are vertically 
transmitted they were recovered within the cotyledons, leaves and seeds (Hodgson et al., 2014). 
They are found intracellular or extracellularly in tissues of plants without causing any 
immediate negative effects (Lakra et al., 2013; Thomas and Sekar, 2014; Zheng et al., 2016). 
Aly et al. (2011) explain the relationship between plants and endophytes, that endophytes 
support the plant fitness, they produce natural products, it contributes to plant adaptation to 
abiotic and biotic stresses, they produce plant secondary metabolites (Aly et al., 2013; Zheng 
et al., 2016). Fungal endophytes can synthesis different metabolites such alkaloids, flavonoids, 
phenolic compounds, quinones, steroids, terpenoids and others. This kind of molecules are used 
as antibiotics, anticancer, antifungal, antimalaria, antioxidants, antiparasitic, antiviral 
immunosuppressants, immunostimulants. They are an important source of novel bioactive 
secondary metabolites, many bioactive metabolites are a potential source of useful in modern 
medicine (Zheng et al., 2016). The emerge as a natural resource to supplement dimension of 
natural products in order to neutralize the current global health issues, this includes the outburst 
of communicable and non-communicable diseases and the new surfacing multidrug resistant 
diseases (Shah et al., 2017).  
 
Bio-evaluation of fungal endophytes extracts are a good rationale to explore new or novel 
bioactive molecules (Shah et al., 2017). Suspected and non-targeted screening methods are 
developed to reveal the full spectrum of occurring chemicals withing samples. Despite the lack 
of authentic standards, suspect screening can be performed with suspect chemical lists and non-
target screening can be performed with no prior information using high resolution mass 
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spectrometry. Non-targeted and suspected screening can narrow the scope of targeted 
compounds and minimize the related quantification tasks (Wang et al., 2020). 
 
Medicinal plants are faced with increasing challenges, such as loss from deforestation, growing 
demands for exportation, threats due to increasing depletion, population increase, urbanization, 
climate change, erosion, constrains in the lack of data on serous threatened and endangered 
medicinal plants, inadequate and conflicting guidelines on managements and utilization of 
medicinal plants (Kayombo et al., 2013). However, it is important to find other sources for 
natural products and microbial endophytes are a solution. Therefore, the current study was 
conducted to identify the potent bioactive fungal endophytes from S. mauritianum for the 
identification of bioactive molecules. During this study, the fungal endophytes 
Paracamarosporium leucadendri, Fusarium sp. and Penicillium chrysogenum revealed 
bioactive molecules that have potent activity against pathogenic microbacteria and 
mycobacteria and other pharmacological activity. This coincided with the previous study, in 
which these fungal endophytes shown activity against mycobacteria and some pathogenic 
microorganisms. Eventually, this study reveals the bioactive molecules of the four fungal 
endophytes crude extracts. 
 
5.2 Material and Methods 
5.2.1 Fermentation and extraction 
Fungal endophytes were cultured on potato dextrose agar (PDA) for seven days and cut into 
small pieces of six millimeter in diameter. They were then transferred into 1000 ml Erlenmeyer 
flask that has 200 ml of potato dextrose broth (PDB) and incubated for 30 days at room 
temperature. The fermented broth of each fungal endophyte was filtered, the mycelium was 
separated from the broth and it was mixed with 200 ml of ethyl acetate for 3 days at room 
temperature. The mixture was partitioned in 500 ml separating funnels this was done three 
times and the ethyl acetate was used to extract the PDB culture broth. The ethyl acetate from 
the mycelium and broth was combined and concentrated with a vacuum rotary evaporator at 
40°C. About 1gram of the concentrated crude extracts were dissolved in 10ml of 1:1 
acetonitrile and ethyl acetate and vortexed then filtered with using about one millilitre was 




Acetonitrile (LC-MS CHROMASOL grade), ethyl acetate all solvents were of high purity 
(HPLC/LC-MS grade, 99%) were purchased from Sigma Aldrich (South Africa) Milli pore 
Water (Miscrosep Waters, Johannesburg, South Africa), Microfilters  
 
5.2.2 LC-QTOF-MS settings 
The fungal crude extracts of fungal endophytes were identified using a LC-QTOF-MS 
Compass QToF Series 1.9, Bruker Instrument: Impact II (Bruker Daltonics GmbH 
Fahrensheitstr. 4, Bremen, Germany) system. Chromatographic separation was conducted in a 
reverse-phase C18 column (50mm x 2.1 mm and 1.7 µm particle size) (RESTEC). Mobile 
phase was 0.1% formic acid in water and Acetonitrile. Mass spectrometry data was obtained 
on a QTOF Bruker Impact II (Bruker Daltonics GmbH Fahrensheitstr. 4, Bremen, Germany) 
using electron spray ionization (ESI) running in positive mode, that scans between 50-1600 
m/z, with nebulizer at 1.8 bar and dry gas as 8 L/min. Liquid chromatography-MS data were 
analysed using the Compass data analysis tool version 4.3.110. The flow rate of the column 
was set at 0.3 mL/min, column oven temp at 35 °C, draw speed at 2 µL/s with a total injection 
volume of 2 µL. The parameters for the mass spectrometer (MS) were as follows: capillary 
voltage 4500 V, drying gas 8 L/m, gas temperature 220 °C, ionization energy 4.0 eV, collision 
energy 7.0 eV, cycle time 0.5 s. Data analysis was done using the Bruker Software (Bruker 
Compass Data Analysis 4.3, Bruker Daltonik GmbH, Bremen, Germany, 2014). Final results 
were compared by using National Institute of Standards and Technology (NIST 2005) library. 
Peaks were identified according to actual mass, MS/MS and retention time (r.t.). Accurate mass 
and MS/MS spectral data were compared to the Chemical Entities of Biological Interest 
(ChEBI), Chemspider, PubChem, Kyoto Encyclopedia of Genes and Genomes (KEGG), and 
MetFrag databases. 
 
5.3 Results and Discussion 
Fungal endophytes were discovered in 1904, they did not receive much attention then but 
recently they were recognized for their agricultural, ecological, medicinal and pharmacological 
significance (Aly et al., 2011). Screening technologies revealed the great potential of bioactive 
compounds of fungal endophytes with promising agricultural and medicinal application (Aly 
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et al.,2011). The antibacterial crude extracts of the three fungal endophytes 
Paracamarosporium leucadendri, Fusarium sp. and Penicillium chrysogenum isolated from 
Solanum mauritianum, were analysed with an untargeted approach using LC-QTOF-MS. This 
study reports for the first time, the LC-QTOF-MS/MS identification of 100 bioactive 
metabolites. The LC-QTOF-MS/MS metabolites of the ethyl acetate extracts of 
Paracamarosporium leucadendri with antibacterial activity led to the identification of 39 
metabolites shown in Table 5.1, pertain to various pharmacological activity. 
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Table 5. 1: Paracamarosporium leucadendri compounds 
Compound name Retention 
time 
m/z Peak area Fragments Chemical 
formula 
Intensity Pharmacological activity 
Indan-1-ol 1.21 135.0799 24201.00 134.0732, 91.0542 C9H10O1 2.2 Treatment for obesity 
(Jaehne et al., 2003). 
N-Methyl-L-proline 
(Peptide) 
1.45 130.0862 32280.00 129.079, 84.0808 C6H11N1O2 17.2 Anti-cancer (Servillo et al., 
2013). 
Thiazolidine (backbone for 
penicillin) 
1.90 90.0380 11284.00 89.0299 C3H7N1S1 2.9 Inhibits hepatitis C virus 
(Sudo et al., 1997). 
L-Cladinose (macrolide 
antibiotic) 
3.15 177.1117 0 176.1049 C8H16O4 981.0 Microlide Antibiotic (Labro 
and Abdelghaffar, 2001). 
Fecosterol 4.89 399.3648 11312.00 398.3549 C28H46O1 130.5 Sterol (Zheng et al., 2007). 
Phyllanthin 4.90 419.2455 28061.00 418.2355, 293.1747, 
127.0754 
C24H34O6 2.6 Antioxidant (Krithika et al., 
2009). 




187.0951, 147.0764, 90.055, 
85.0284 




10.39 663.4547 28061.00 662.4464, 71.0855 C42H63O4P1 2156.9 Antioxidant (Yang et al., 
2019). 
Irganox 858 10.39 664.4596 11633.00 633.4546, 608.3993, 
6073914, 551.3288 
C39H61N5O2S1 792.3 Antioxidant (Jeon et al., 
2007). 
Albaflavenone  10.65 219.1753 13235.00 218.1671 C15H22O1 140.7 Antibiotic (Huang et al., 
2011). 
Aniracetam 10.65 220.0982 13235.00 219.0895, 195.089, 195.089, 
152.076 
C12H13N1O3 4.1 Antidepressant (Nakamura 
et al., 2000). 




11.17 111.0808 33799.00 110.0732 C7H10O1 16.4 Antioxidant (Naidu et al., 
2016). 




4-Vinylguaiacol 11.45 151.0755 116589.00 150.0681, 111.0441 C9H10O2 14.1 Antioxidant (Azadfar et al., 
2015). 
Carvacrol 11.45 151.1120 116589.00 150.1045, 107.0855 C10H14O1 140.0 Antibacterial (Ben-Arfa et 
al., 2006). 
Caffeine 11.45 195.0887 116589.00 194.0804 C8H10N4O2 58.6 Psychoactive and anti-
inflammatory (Montesinos 
et al., 2000). 
Solavetivone 11.45 219.1750 116589.00 218.1671, 151.1481, 
151.1117 
C15H22O1 353.5 Pest repellent (Goldblum 
and Warren, 2019). 
Dillapiole 11.45 223.0960 116589.00 222.0892 C12H14O4 19.5 Antimalarial (Omar et al., 
2003). 
Dehydrovomifoliol 11.45 223.1319 116589.00 222.1256, 151.1117 C13H18O3 14.4 Anticancer (Chen et al., 
2011). 
Rishitin 11.45 223.1693 116589.00 222.162, 151.1117, 61.0284 C14H22O2 18.7 Antibacterial, antifungal 
(Singh et al., 2017). 
5-Hydroxy-alpha-gurjunene 11.45 223.2048 116589.00 222.1984, 195.1743, 
107.0855 
C15H26O1 7.8 Antileukemic (Osorio et al., 
2015). 
Pirimicarb 11.45 239.1495 116589.00 238.143, 195.1002, 151.1104 C11H18N4O2 202.1 Insecticide (Gao et al., 
2008). 
Debneyol 11.45 239.2020 116589.00 238.1933, 223.2056, 
223.1693, 220.1822, 
195.1743, 151.1481, 
151.117, 111. 1168 
C15H26O2 11.2 Fungicide (Lozoya-
Gloria, 2012). 




C18H30O2 42.8 Antioxidant, anti-tumor 
(Zhang et al., 2012) . 
Thiamine acetic acid 
(Vitamine B) 
11.45 280.0977 116589.00 279.091, 219.587, 151.0978, 
61.0284 
C12H15N4O2S1 6.6 Antinociceptive França et 
al., 2001). 
Xanomeline 11.45 282.1607 116589.00 281.1562, 223.1931 C14H23N3O1S1 8.2 Antipsychotic (Shekhar et 
al., 2008). 




Tridihexethyl 11.45 319.2857 116589.00 318.2791, 219.1982, 
219.1743 
C21H36N1O1 210.4 Anticholinergic, 
antispasmodic, nystagmus 
(Mehta et al., 2012). 




C22H43N1O1 680.5 Anticancer (Conde-
Martinez et al., 2017). 
8-Azaadenosine (purine) 11.45 269.0999 116589.00 268.092, 241,0931, 
163.0713, 98.0237, 95.0478 
C9H12N6O4 5.5 Anti- HBV (Yang et al., 
2019). 
4-Cresol 11.82 109.0650 54174.00 108.0575, 91.0542 C7H8O1 68.2 Anti-matestatic (Lin et al., 
2015). 
Herniarin 11.82 177.0563 54174.00 176.0473, 152.0468, 
151.039, 107.491, 107.0128 
C10H8O3 2.6 Antigenotoxic (Rezaee et 
al., 2014). 
Lachnophyllum ester 11.82 177.0916 54174.00 176.083, 111.0441, 91.0542, 
61.0284 
C11H12O2 20.8 Antibacterial, antifungal, 




11.82 216.1596 54174.00 215.1521 C11H21N1O3 4.2 Insect repellent against 
mosquitos (Thavara et a., 
2001). 
Felbamate 11.82 239.1005 54174.00 238.0954, 195.089, 151.0754 C11H14N2O4 1.6 Antiepileptic (Pellock et 
al., 2006). 
Pirimicarb 11.82 239.1493 54174.00 238.143, 152.1182, 152.1182 C11H18N4O2 152.2 Insecticide (Gao et al., 
2008). 









In the present study we aimed to identify potent bioactive metabolites from crude extracts, that 
could be progressed for chemical analysis in the future, in order to isolate and characterize 
potential active metabolites. If fact, no notable compounds have been reported from 
Paracamarosporium leucadendri. In the study a number of bioactive compounds with 
agricultural, ecological, medicinal and pharmacological significance have been identified and 
these significant findings with LC-QTOF-MS/MS makes these compounds we identified 
novel. Supplementary file 1 contains the raw spectral data and Fig. 5.1 show the chemical 
structure of the antibacterial metabolites observed. 





Figure 5. 1: Chemical structures of metabolites with antimicrobial activity identified from 
Paracamarosporium leucadendri.  
 
Some of the identified compounds with antimicrobial activity are shown in Fig. 5.1 were, L-
Cladinose (1) a macrolide antibiotic that is active against intracellular pathogens, its 
responsible for the cell modulation to stimulate the immune system to respond (Labro and 
Abdelghaffar, 2001). Albaflavenone (2) is a tricyclic sesquiterpene antibiotic, it was identified 
to be biosynthesized by Dictyophora indusiate an edible fungus, it has numerous medicinal 
values (Huang et al., 2011; Habtemariam 2019). Carvacrol (3) a monoterpenoid phenol, an 
inhibitor of bacterial growth (Ben-Arfa et al., 2006) not only does it have antibacterial activity 
it also has antioxidant propeties (Kumar and Rawat, 2013). It has been approved by food drug 
administration for food for consumption and it has anti-inflammatory and anti-ulcer activity 
(Silva et al., 2012). Lachnophyllum ester (4) a polyacetylenic ester that has activity against 
bacteria and fungi, Bacillus cereus, Candida albicans, Escherichia coli, Staphylococcus aureus 











properties, in other study it had cytotoxic activity against cell line A-549. Seiricardine A (6) is 
a phytotoxic sesquiterpene. 
 
Rishitin (7) is a terpenoid produced by Solanum family, it a phytoalexins compound, that has 
antimicrobial properties and often antioxidative substances. It is produced when the plant is 
attacked by pathogens (Yao et al., 2003). 
 
Fusarium is a large genus of filamentous fungi belonging to the hyphomycetes. It is distributed 
in the soil and associated with plants. Most species are harmless saprobes and are relatively 
abundant members of the soil microbial community (Ma et al., 2013). Some species produce 
mycotoxins in cereal crops that can affect human and animal health if they enter the food chain 
(Zachariasova et al., 2010). The main toxins produced by these Fusarium species are 
fumonisins and trichothecenes. While most species are considered harmless, 
some Fusarium species and subspecific groups are among the most important fungal pathogens 
of plants and animals (Omurtag, 2008). The taxonomy of the genus is complex and 
phylogenetic studies indicate seven major clades within the genus. Currently the 
genus Fusarium comprises at least 300 phylogenetically distinct species, 20 species complexes 
and nine monotypic lineages (Balajee et al. 2009, O’Donnell et al. 2015). Most of the identified 
opportunistic Fusarium pathogen belong to the Fusarium solani complex, Fusarium 
oxysporum complex and Fusarium fujikuroi complex. Less frequently encountered are 
members of the Fusarium incarnatum-equiseti, Fusarium dimerum and Fusarium 
sporotrichiodes (O’Donnell et al. 2015, van Diepeningen et al. 2015). 
 
A number of researchers have been investigating the activity of extracts prepared from fungal 
endophytes belonging to the Fusarium genus against a broad spectrum of bacterial and fungal 
pathogens. Other researchers aim to identify the bioactive extracts in order to isolate and 
characterize the potential bioactive compound (Sangeetha et al., 2015). Fusarium has been 
confused and incorrectly categories as a pathogen and toxigenic. Geiser et al explains in the 
FUSARIUM-ID v. 1.0, the number of factors that other researchers might be under looking, 
the lack of clear morphological characterization, variation and mutation, this misconcepts have 
lead misapplication and inconsistent application of the species name to toxigenic and 
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pathogenic isolates (Geiser et al., 2004).   A number of Fusarium species have been isolated 
from different plants have been reported to exhibit a broad antimicrobial spectrum against 
varies pathogenic microorganisms this indicated the conceivability of potential bioactive 
metabolites. These findings fit well with the claims that fungal endophytes can produce a 
complex of compounds capable of broad spectrum of antimicrobial activity Toghueo, 2020). 
Therefore, different methods arise to further investigate the chemical components of the 
bioactive extracts by using different chromatographic and spectroscopic approaches and tools 
to identify and purify the bioactive metabolites. 
 
If fact, a number of bioactive metabolites from Fusarium sp. Table 5.2, some of the bioactive 
metabolites have been reported to be active against Mycobacterium tuberculosis strain H37Rv, 
compounds such as fusarubin, javanicin, 3-O-methylfusarubin and 3,6,9-trihydroxy-7-
methoxy-4,4-dimethyl-3,4-dihydro-1H-benzo[g]isochromene-5,10-dione (Shah et al., 2017, 
Toghueo, 2020). In our present study we identified a compound (8) 2-nitroimidazo[2,1-
b][1,3]oxazole in Fig. 5.2, from Fusarium sp. isolated from S. mauritianum has been reported 





Figure 5. 2: A antitubercular compound from Fusarium sp. 
 
Pathogenic microorganisms have always been the major challenge in human life, they still 
remain the leading cause of death and they keep re-emerging and increase the global burden of 
infections. For centuries mankind seemed helpless against sudden epidemics (Morens et al., 
2004). Hence it is important to always discover new bioactive compounds. We also identified 
other bioactive compounds from Fusarium sp. with antimicrobial activity against bacteria, 
fungi and viruses, 3-Aminophenol, 3-allylthiophene (9), (1-benzhydrylpiperidin-4-yl)azanium 
and  Capsi-amide. The following compounds have antibacterial activity, Isoquinoline, 1-




dodecylmorpholine (13), 1-methylpiperazin-1-ium-1-carbodithioic acid methyl ester, N-
docosylformamide, 4-[5-(4-aza-1-azoniabicyclo[2.2.2]octan-1-yl)pentyl]-1-propan-2-yl-1,4-
diazoniabicyclo[2.2.2]octane and [(2S,5R)-7-Oxo-2-[[(3R)-2-oxo-1-piperidin-4-ylpyrrolidin-
3-yl]carbamoyl]-1,6-diazabicyclo[3.2.1]octan-6-yl]. Some have antiviral activity, 4-
dodecylmorpholine (13), 2-[tert-butyl(methyl)amino]ethanethiol, ethyl 4-amino-1H-pyrrole-2-
carboxylate. Finally, we also discovered Tridemorph a morpholine fungicide, that inhibits the 
sterol biosynthesis in fungal species (Kalam et al., 1995, Zamora et al.,2004). It inhibited growth 
of Puccinia striiformis and Mycosphaerella musicola that causes Sigatoka disease (Markoglou 






Figure 5. 3: Some of the antibacterial metabolites from Fusarium sp. from S. mauritianum. 
 
There is a need to find novel sources for antimicrobial drugs. Natural products still remain the 
most important source of discovering new drugs (Harvey, 2008). Fungal endophytes have been 
proven to produce a wide range of biological active metabolites. Natural products from 
Solanum mauritianum Scop. fungal endophytes with biological activity have not been reported. 
However antimicrobial activity from endophytes have been reported. Recently, Yuniati and 
Rollando, 2018 reported on Fusarium sp. isolated from Phyllanthus niruri Linn had 
antibacterial activity Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus aureus, Streptococcus mutans, and Salmonella typhi. 
(9) (10) 
 
(11) (13) (12) 
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Table 5. 2: Fusarium sp. identified metabolites with biological activity. 
Compound name Retention 
time 
(min) 
m/z Peak area Fragments Chemical 
formula 
Intensity  Biological activity 
3-Aminophenol 0.67 110.7653 20855.62 109.0528, 93.0573, 80.0495 C6H7N1O1 585.8 Antimicrobial (Mohana et 
al., 2011). 
3,6-Dihydronicotinic acid 0.68 126.0548 163862.47 125.0477, 109.0522, 
108.0444, 85.0522, 81.0335, 
80.0495, 68.0257, 68.0131 
C6H7N1O2 232.2 Antipsoriatics, antipyretic, 
anti-inflammatory agent 
(PubChem, 2020). 
Aminohydroquinone 0.68 126.0548 163862.47 125.0477, 109.0522, 
108.0444, 85.0522, 81.0335, 
80.0495, 68.0257 
C6H7N1O2 232.2 Skin whitening (Fu et al., 
2014). 
Benzocaine 0.76 166.0849 1325.77 165.079, 122.06, 77.0386 C9H11N1O2 108.4 Anesthetic (Gomes et al., 
2001). 
Methyldopa 0.76 212.0923 1325.77 211.0845, 196.073, 195.0652 C10H13N1O4 173.6 Antihypertensive (Day and 
Rand, 1963). 
Nicotinamide (vitamin B3) 0.81 124.0393 102375.62 123.032, 109.0522, 
108.0444, 106.0287, 
80.0495, 79.0417, 78.0338 
C6H5N1O2 8678.2 Increases skin blood flow 
(Duval et al., 2003) 
Anticancer (Zhang et al., 
2003). 
3-allylthiophene 0.81 125.0432 102375.62 124.0347 C7H8S1 692.0 Antimicrobial (Kusuma et 
al., 2012) Contraceptive for 
male and females (Furuya et 
al., 2001). 
Aminohydroquinone 0.81 126.0550 102375.62 125.0477, 109.0522, 
108.0444, 96.0444, 80.0495, 
79.0417, 78.0338 
C6H7N1O2 285.3 Anti-Alzheimer (PubChem, 
2020). 
Actinidine 0.84 148.1118 102375.62 147.1048 C10H13N1 197.9 Anti-inflammatory 
(Nakamura et al., 2000). 









102.0464, 91.0542, 89.0386, 
77.0386 
1-phenylpyridin-1-ium 0.93 157.0892 112684.58 156.0808, 143.073, 
130.0651,117.0573, 77.0386, 
65.0386 




0.98 148.1142 61849.06 147.1082, 87.1043, 86.0964 C7H17N1S1 199.0 Antiviral (PubChem, 2020). 
Zeatin (Cytokinins) 0.98 220.1184 5196.30 219.112, 202.1087, 95.0478, 
86.076, 85.0648 
C10H13N5O1 129.4 Skin rejuvenation (Rattan 
and Sodagam, 2005). 
2-nitroimidazo[2,1-
b][1,3]oxazole 
1.01 154.0243 231881.42 153.0174, 137.022 C5H3N3O3 100.8 Antitubercular activity (Kalra 
et al., 2013). 
ethyl 4-amino-1H-pyrrole-2-
carboxylate 
1.01 155.0817 231881.42 154.0742, 111.0441, 
110.0362 
C7H10N2O2  475.6 Antiviral (PubChem, 2020). 
1-methylpiperazin-1-ium-1-
carbodithioic acid methyl ester 
1.01 192.0739 535681.88 191.0671 C7H15N2S2 182.4 Antibacterial (PubCehm, 
2020). 
Norselegiline 3.26 174.1283 10494.40 173.1204. 159.1043, 
158.0964, 91.0542, 77.0386 











4.81 268.1945 3211781.75 267.1856, 253.1699, 
211.1356, 192.1621, 
66.0464, 65.0386 
C18H23N2 544.2 Antimicrobial (Vinaya et al., 
2009). 




C16H16N2S1 539.7 Anti-tumor (Clegg and 
Jamieson, 2005). 
Capsi-amide 4.81 270.2803 3211781.75 26902719, 851012 C17H35N1O1 1824.7 Antimicrobial (Zaher et al., 
2015). 
Montanol 4.81 353.2666 32664.74 352.2614, 268.2033 C21H36O4 157.8 Phytochemical compound 











4.81 354.3363 32664.74 353.3294 88.0757 408.0 Insect repellent (PubChem, 
2020). 
Inner salt (9z) 4.81 355.3417 32664.74 354.3367 C22H44N1O2 110.6 Biocide, pest repellent or 
attractant (PubChem, 2020). 
N-docosylformamide 4.81 354.3745 32664.74 353.3658, 88.0757 C23H47N1O1 846.5 Antibacterial (PubChem, 
2020). 




10.03 312.3281 2224.51 311.3188, 257.2713, 
256.2635 
C20H41N1O1 1134.0 Antibacterial (PubChem, 
2020). 
4-dodecylmorpholine 10.03 256.2647 25182.35 255.2562, 88.0757 C16H33N1O1 2381.5 Antiviral (PubChem, 2020). 
5,9,14,18-
tetrazacyclooctadecane 
















100.0 Antibiotic (PubChem, 2020). 
Tridemorph 11.79 298.3117 41864.85 297.3032 C19H39N1O1 2305.9 Fungicide (Kalam et al., 











12.16 444.3686 6640.07 443.2584 C21H45N7O3 824.1 Antimalaria and 
Antiprotozoal (PubChem). 








12.66 339.3456 27188.82 338.3409, 256.2747 C20H42N4 160.0 Anti-tumor (Iwata, 2003). 










Penicillium chrysogenum a filamentous fungi of the genus Penicillium, also known as 
Penicillium notatum (Chou et al., 2002) a popular synonym.  It was discovered accidentally by 
a Scottish microbiologist Alexander Fleming (Ligon, 2004: Wang et al., 2014). The first fungal 
species to be exploited by scientist for hydrophobic β lactam compound penicillin and 
cephalosporins antibiotic (Bajaj et al., 2014), has been in used to treat Gram positive bacteria 
such as Pneumococcus and Staphylococcus (Hagstrand-Aldaman et al., 2017). It inhibited the 
bacterial cell wall synthesis, by preventing the crosslinking of the peptidoglycan polymers by 
inhibiting the transpeptidase enzyme, which causes the cell lysis (Sugimoto et al., 2002; 
Wagner et al., 2004. Secondary metabolites have been used for various purposes in the past 
and at present, agriculture, drug discovery and pharmaceuticals. The discovery of penicillin as 
an antibacterial agent, brought great insurgency exploration of microbes for human wellbeing 
(Nishad et al., 2019). Further, many different metabolites were discovered with different 
applications.   
 
Penicitides A and B, 2-(2,4-dihydroxy-6-methylbenzoyl)-glycerol and 1-(2,4-dihydroxy-6-
methylbenzoyl)-glycerol are compounds isolated from fungal endophyte Penicillium 
chrysogenum QEN-24S, isolated from an unidentified marine alga of the genus Laurencia, 
displayed antifungal activity against Alternaria brassicae and penicimonoterpene showed to 
have anticancer properties against human hepatocellular liver carcinoma cell line (Gao et al., 
2011). Two novel polyketide metabolites, xanthothoviridicantins E and F, were isolated from 
Penicillium chrysogenum, inhibited HIV-1 integrase, an enzyme critical for replication of HIV 
(Singh et al., 2003). 
 
In the present study we identified a number of metabolites in Table 5.3, which were previously 
identified and shown to exhibit bioactivity. Antimicrobial compounds from Penicillium 
chrysogenum 1,8-Diazacyclotetradecane-2,9-dione a polyamide a medicinal metabolite (Zhang 
et al., 2020).  Antioxidants are useful constituents that are responsible for the inhibition of free 
radicals, they have capacity to capture free radicals (Sikandar et al., 2020). In the present study 
antioxidant compounds were identified from Penicillium chrysogenum isolated from S. 




Table 5. 3: Some of the identified bioactive metabolites from Penicillium chrysogenum (L).  
Compound name Retention 
time 
(min) 
m/z Peak area Fragments Chemical 
formula 




3.51 227.1753 571.73 226.1681 C12H22N2O2 112.8 Medicine metabolite 
(Zhang et al., 2020). 
Metoprolol 6.41 268.1927 1627.21 267.1834, 211.1329 C15H25N1O3 146.0 Antihypertensive 
(Kampus et al., 2011). 
Desipramine 6.43 267.1861 4708.00 266.1783, 253.1699 C18H22N2 103.2 Anti-depressant (Hearn 
et al., 2014). 
Azafrin 8.71 427.2811 14967.18 426.277 C27H38O4 464.8 Cardioprotective (Yang 
et al., 2018). 
alpha-Tocopherol 
(Vitamin E) 
8.75 431.3925 1726.67 430.3811 C29H50O2 306.0 Anti-Alzhemer, 
Antioxidant, Anti-




9.42 443.3028 3321.40 442.2931 C24H42O7 111.9 Antibacterial (Hussein 
et al., 2016, 
Antioxidant 
(Mohammed et al., 
2018), Anti-cancer 
(Arumugam et al., 
2019). 





11.27 421.3287 5593.51 420.324 C26H44O4 1327.3 Anti-diabetic 
(Pellicciari et al., 2009). 
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Methamphetamine 11.40 150.1276 17864.26 149.1204, 135.1043 C10H15N1 376.6 Psychostimulant 
(Krasnova and Cadet, 
2009). 
Phenethylamine 12.05 122.0960 800.37 121.0891 C8H11N1 708.0 Anti-Alzheimer 
(Sterling et al., 2002), 
Anti-depressant 
(Sherwani and Khan, 
2016). 
Phentermine 12.53 150.1278 6935.72 149.1204, 134.0964 C10H15N1 273.6 Treatment for Obesity 
(Aronne et al., 2013). 
Amphetamine 13.01 136.1117 1399.35 135.1048,121.0886, 
120.0808, 79.0542, 77.0386 
C9H13N1 972.0 Psychostimulant 
(Knutson et al., 2004.) 
Mesembrenone 9.85 288.1620 203325.23 287.1521 C17H21N1O3 203.0 Treatment of anxiety 
and stress (Manda et 
al., 2017). 
Littorine (Atropine) 9.85 290.1736 203325.23 289.1678, 199.1203, 
198.1125, 180.0781 
C17H23N1O3 139.1 Anticholinergic drug 
(Li et al., 2006). 
Tubulysin B 9.87 830.4306 1840.95 829.4296 C42H63N5O1
0S1 




9.45 276.1546 13381.62 275.1521 C16H21N1O3 123.2 Stimulant (Champtiaux 
et al., 2006). 
Lunacrine 9.48 274.1465 16818.38 273.1365, 107.0491 C16H19N1O3 119.6 Anti-cancer (Zubair et 
al., 2016). 
DHA ethyl ester 8.30 358.2823 16307.07 356.2715, 215.1794, 
109.1012, 95.0855 
C24H36O2 238.4 Anti-psychotic 
(McNamara et al., 
2007). 
Ochrolifuanine A 8.59 439.2818 19935.00 438.2783 C29H34N4 539.0 Antiplasmodium, 
antimalarial and 
antimicrobial 




Over the past decade, endophytes have emerged as a hot research topic. Rapidly increasing  
information on endophyte biodiversity, natural products, potential uses and 
biotechnological applications is found in a rich literature and should be reviewed regularly 
for interested readers. As reviewed here, the endophytic fungi have abundant biodiversity 
and are useful in pharmaceuticals, agriculture and industry. The compounds identified from 
Paracamarosporium leucadendri, Fusarium sp. and Penicillium chrysogenum showed a 
number of compounds with biologicals and pharmaceutical application. Antimicrobial 
compounds were detected with LC-QTOF-MS.  
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6.1 General discussion 
In the present study, fungal endophytes were isolated and identified for the first time to our 
knowledge from Solanum mauritianum Scop., a weed plant in South Africa. In total nine fungal 
endophytes were isolated and identified molecularly by employing the ITS fragments 
sequences to estimate the taxonomic affiliation, they showed a distinct cluster at 94-100% 
similarity. Five fungal endophytes were identified to species level and assigned with accession 
numbers, Aureobasidium pullulans (MF926050), Collectotrichum boninense (MF928766), 
Paracamarosporium leucadendri (MF928767), Penicillium chrysogenum (MF928760) from 
the unripe fruit and Penicillium chrysogenum (MF928764) from leaves. Further, four fungal 
endophytes were identified to genera level, Cladosporium sp. (MF928762), Fusarium sp. 
(MF928763), Hyalodendriella sp. (MF928761) and Talaromyces sp. (MF928765). 
 
Antimicrobial assays were conducted to screen and quantify which fungal endophyte produces 
bioactive secondary metabolites. Several bioassays methods were conducted such as agar plug, 
disc diffusion and minimum inhibitory concentration. These methods were chosen because 
they are low cost, simple and are widely used in the screening for bioactive molecules (Kreger 
et al., 1980). Moreover, several studies have demonstrated the advantages of using 
antimicrobial methods. Other methods like bioluminescent method and flow cytofluorometric 
method are not widely used because they require further evaluation for reproducibility and 
standardization and more specific equipment likes flow cytometer and multispectral imaging.  
 
Currently there is growing interest in the endophytic microorganisms and are known to produce 
a wide range of compounds with diverse biological activities (Rodriguez et al., 2009). 
Minimum inhibitory concentration and disc diffusion assay were conducted, all 8 fungal 
endophytes showed inhibition on all the test organisms used in the present study. Fusarium sp. 
secondary metabolite extracts showed greater activity on 4 microorganisms, including M. bovis 
and M. smegmatis at 0.0009 mg/mL. P. leucadendri inhibited K. pneumonia, P. aeruginosa 
and M. bovis at 0.006 mg/mL. Lastly P. chrysogenum (L) inhibited K. pneumonia, E. coli, P. 
aeruginosa, M. bovis and M. smegmatis at 0.01 mg/mL.  
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Fusarium sp., P. chrysogenum (L) and P. leucadendri, showed novel results by inhibiting 
bacterial species at the lowest concentration of less than ≤ 0.01 mg/mL towards pathogenic 
microorganisms and two tuberculosis complex species. As Rios and Recio (2005) explained 
that any natural product compounds that show antimicrobial activity at ≤ 0.01 mg/mL should 
be considered noteworthy.  
 
Phytochemicals play an important role in plants, not only do they protect plants from pathogens 
and herbivores (Asaduzzaman and Asao, 2018). They exhibit pharmacological properties 
applicable for treatment of varies diseases caused by microorganisms and also chronic 
degenerative diseases such as arthritis, diabetes, cancer, Huntington’s disease, muscular 
dystrophy, multiple sclerosis and Parkinson’s disease (Barnes, 2001; Howes and Simmonds, 
2014; Shah and Amini-Nik, 2017). 
 
Phytochemical analysis was conducted to screen for the presentence of phytochemicals that 
would be responsible for the bioactivity of crude extracts from fungal endophytes. The 
preliminary results of phytochemicals revealed the presents of alkaloids, cardiac glycosides, 
flavonoids, glycosides, phenols, quinones and saponins in all the isolated fungal endophytes.  
Saponins were detected in all the fungal endophytes extracts. Moreover, saponins have 
pharmacological properties such as antiviral, anti-cancer, anti-inflammatory, anti-proliferation 
and antimicrobial activity (Wu et al.,2012) and they are currently used as dietary supplements 
(Shan et al., 2012; Emran et al., 2015). The screening of phytochemical was confirmed by GC-
HRTOF-MS and LC-QTOF-MS, A number of volatile alkaloids, esters, phenols, ketones, fatty 
acids ethyl esters were identified amongst the fungal endophytes.  
 
Chromatography was used to identify the secondary metabolites synthesised by fungal 
endophytes. Gas chromatograph coupled to high-resolution time-of-flight mass spectrometry 
was used to analysis unknown volatile from crude extracts of fungal endophytes.  In the present 
study we identified a number of volatile compounds with GC-HR-TOF-MS that were similar 
amongst all 8 fungal endophytes. The volatile compounds were grouped into different chemical 
class such as alcohols, alkaloids, amides, aromatic hydrocarbons, benzene derivatives, esters, 
fatty acids, ketones and phenols which serve as a confirmation for phytochemical screening. 
150 
 
A number of volatile alkaloids such as alkanes and alkenes were identified and are found to 
have pharmaceutical properties of important (Gonzalez Audino et al., 2007; Verma et al., 2012; 
Pinto et al., 2017; Swantara et al., 2019). Moreover, they have been reported in literature to 
have antimicrobial, antifungal, anti-cancer, anti- inflammatory, antioxidants activity. 
 
LC-QTOF-MS is liquid chromatography coupled with quadrupole time-of-flight mass 
spectrometer, was used to identified untargeted compounds of fungal endophytes isolated from 
Solanum mauritianum Scop. The results revealed a number of compounds that could have been 
responsible for antimicrobial activity of Paracamarosporium leucadendri, such as L-Cladinose 
a microlide antibiotic, Lachnophyllum ester, Rishitin and Seiricardine A. Other revealed 
compounds had antifungal, anticancer, antidepressant, anti-inflammatory, antioxidant, 
antimalaria, insecticide, anti-HBV properties. 
  
Fusarium sp. has been reported to have resistance against virulent pathogens (Rodriguez et al., 
2009). In the present study we identified 2-nitroimidazo[2,1-b][1,3]oxazole as a novel 
compound from Fusarium sp.,which contributed to the antimycobacterial effects on M. bovis 
and M. smegmatis. 2-nitroimidazo[2,1-b][1,3]oxazole has been reported by Kalra et al (2013) 
to have antitubercular activity. It is evident that Fusarium sp. produces metabolites that can inhibit 
Mycobacterium tuberculosis. Four bioactive compounds were previously isolated from 
Fusarium sp. have been reported to have to be active against pathogenic Mycobacterium 
tuberculosis fusarubin (1), javanicin (2), 3-O-methylfusarubin (3) and 3,6,9-trihydroxy-7-
methoxy-4,4-dimethyl-3,4-dihydro-1H-benzo[g]isochromene-5,10-dione (4) (Shan et al., 




Figure 6.3: Antimycobacterial compounds isolated from Fusarium sp. Fusarubin (1), Javanicin 
(2), 3-O-methylfusarubin (3) and 3,6,9-trihydroxy-7-methoxy-4,4-dimethyl-3,4-dihydro-1H-








Hyalodendriella sp. has been reported to contain bioactive properties that inhibit bacterial 
growth (Meng et al., 2012; Mao et al., 2017) and fungal growth (Mao et al., 2017).  
Collectotrichum sp., has been reported as plant pathogens, but they don’t necessary cause 
disease with the host plant, they are asymptomatic endophytes (Bin et al., 2014). This 
pathogenic fungus has beneficial contributing factors such as, tolerant to drought, resistant to 
diseases and growth enhancements factors such as nutrition (Rodriguez and Redman, 2008).  
 
Paracamarosporium leucadendri, was reported to produce saponins (Wu et al., 2012).  
Saponins constitute a complex and chemical diverse group of compounds, they contain a 
carbohydrate moiety that is attached to a steroid or triterpenoid. They have a lot of health 
promoting components, they have anticancer properties, they decrease blood lipids, lower 
blood glucose and lower cholesterol (Liu et al.,2016). The GC/MS and LC/MS results revealed 
a number of compounds that could have been responsible for antimicrobial activity of 
Paracamarosporium leucadendri, such as L-Cladinose a microlide antibiotic, Lachnophyllum 
ester, Rishitin and Seiricardine A. Others revealed compounds had antifungal, anticancer, 
antidepressant, anti-inflammatory, antioxidant, antimalaria, insecticide, anti-HBV properties 
(Labro and Abdelghaffar, 200; Sobrinho et al., 2016; Singh et al., 2017; Deng et al., 2020). 
 
Penicillium chrysogenum has been broadly studied for its ability to produce penicillin. In the 
present study we also identified other compounds of biological importance, such as those with 
anticancer (α-Tocopherol, Tubulysin B), antidepressants (Desipramine), antioxidants (L-
Ascorbic acid, 6-octadecanoate), anti- Alzhemer (α-Tocopherol) and Anti-malarial 
(Ochrolifuanine A).  Fungi are known for their extraordinary contribution to drug production, 
as well as in managing diseases in animals and humans, as they produce a large variety of 
secondary metabolites of commercial and medicinal importance (Beekman and Barrow, 2014). 
 
6.2 Conclusion and recommendations 
Solanum mauritianum, as an unwanted weed harbours fungal endophytes of novelty such as 
Penicillium chrysogenum and Fusarium which have been reported to produce novel secondary 
metabolites of pharmacological important. About nine fungal endophytes were isolated and 8 
showed antimicrobial activity, against a broad spectrum with different bacterial species.  The 
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results of the study showed evident of diverse communities of fungal endophytes associated 
with Solanum mauritianum Scop., and these fungal endophytes are of important, they can be 
used in medicine and pharmacology. The secondary metabolites of Fusarium sp. showed 
potential for novel bioactive compounds against Mycobacterium species, this gives hope to 
finding a cure for TB. Further studies are still required to be conducted on TB, and TB resistant 
strain. Various approaches to study the unculturable fungal endophytes needs to be evaluated, 
which will enhance research competences to study fungal endophytes diversity with the plant. 
Furthermore, cytotoxicity test and purification of the pure compounds still need to be evaluated.  
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Appendix 1. 1: Table of compounds observed from GC-HRTOF-MS. 
 
A number of volatile compounds were identified using GC-HRTOF-MS. A list in Table 1.   
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4:02 84.05
70 










C2H4N2 ND ND ND ND ND ND 4685465 ND 
4:02 112.0
885 






















































C5H9ClO 27875 ND ND ND ND ND ND ND 
4:24 138.1
041 
















































































ND ND ND ND ND ND 942110 ND 
4:56 126.1
040 
































ND ND 6061657 ND ND ND ND ND 
4:57 126.1
040 


























































































































F2H2NP ND ND ND ND ND ND ND ND 
5:26 195.8
772 




ND ND ND 308580 ND ND ND ND 
5:27 214.9
931 









(Z)-, dimethyl ester 










































































































l ester  
C10H16O3 ND ND ND ND ND 1692277 ND ND 
5:43 138.8
744 
Nonanal  C9H18O 219106 ND ND ND ND ND ND ND 
5:44 201.7
888 








































































































C7H10N2 ND ND ND ND ND ND ND 752843 
5:57 122.0
727 




methyl, methyl ester 














































































































ND ND ND ND ND  ND ND 
6:22 144.0
419 

















































N-ethyl-, propyl ester 
C15H21N
O4 











































































































































































































l ester  






C17H22N2 ND ND ND ND ND ND 276514 ND 
7:04 141.0
782 












ne peak 2 









methyl-, octyl ester 








224117 ND 7418027 ND ND ND ND ND 
7:14 82.04
14 
Fomepizole C4H6N2 ND ND ND ND ND ND 417229 ND 
7:14 138.1
041 














































l ester  
C12H20O
3 











C8H8O ND ND ND 1089138 ND ND ND ND 
7:25 128.0
709 
Proline ethyl ester C7H13N
O2 





















ND ND ND ND ND ND 162948 ND 
7:27 120.0
571 

























ND ND ND 1467368 1036893 ND 1384173 ND 
7:32 110.0
603 
















































C14H26O ND ND 1128803 ND ND ND ND ND 
7:36 159.0
575 














C5H8S ND ND ND ND ND 1596258 ND ND 
7:38 154.1
351 












C12H24 175088 ND ND ND ND ND ND ND 
7:39 100.0
521 

























C9H12O2 ND ND 4999619 ND ND ND ND ND 
7:44 280.9
606 












ND ND ND ND ND ND 322815 ND 
7:50 139.1
120 





2-Decenal, (Z)- C10H18O 1790009 216822 20251457 13533636 ND 386397 ND ND 
7:50 138.0
507 
2-Nonenal, (E)-  C9H16O ND ND ND ND ND ND 655419 ND 
7:50 138.0
506 
2-Decenal, (E)- ; 
trans-2-Decenal 














































































































ND ND ND ND ND ND 252543 ND 
8:07 182.9
498 




ND ND 46464 ND ND ND ND ND 
8:07 98.04
75 
Succinic anhydride C4H4O3 ND ND 994740 ND ND ND ND ND 
8:07 146.9
389 



























73729 ND 314986 ND ND ND ND ND 
8:11 144.1
017 







































































lene-, butyl ester 
C11H21N3
O3 





C10H16O 7712614 1495429 11513326
9 














C14H20O3 ND ND ND ND ND ND 3020105 ND 
8:26 104.0
025 


















































ND ND 61384 ND 262634 ND ND ND 
8:35 152.1
196 
2-n-Heptylfuran C11H18O ND ND ND ND 345665 ND ND ND 
8:35 152.1
198 





C9H14O ND ND 11620414
0 
7301578 1093117 ND ND ND 
8:37 150.0
678 





C9H14N2 ND ND ND ND 108634 ND ND ND 
8:37 151.0
749 

















































ND ND ND 792652 ND ND ND ND 
8:45 35.97
62 






















































































































C4H9Br ND ND ND ND ND 318 ND ND 
9:05 128.1
153 









C11H18O3 ND ND 353599 ND ND ND ND ND 
9:13 164.0
832 
2-Dodecenal, (E)- C12H22O ND ND ND ND 423311 1691360 ND ND 
9:14 167.1
432 
2-Undecenal C11H20O ND ND 1533398 905728 ND 1844344 ND ND 
9:16 101.0
597 
Silicon tetrafluoride F4Si ND ND ND 574828 ND ND 614831 ND 
9:17 161.0
448 











C5H8O2 ND ND ND ND ND ND 1521662 ND 
9:20 179.1
797 

















acid, S-t-butyl ester 
C10H18O2
S 








ND ND ND 93870 528683 ND ND ND 
9:23 113.0
235 

































































C13H20O4 ND ND ND ND ND 140962 ND ND 
9:34 197.7
940 





acid, methyl ester 
C8H15N
O2 









ND ND ND ND ND 65127 ND ND 
9:36 138.0
550 
n-Decanol  C10H22O ND ND ND ND ND ND 119136 ND 
9:37 179.1
795 
3-Tetradecene, (Z)- C14H28 ND ND 1658558 ND ND ND ND ND 
9:37 197.2
220 





ND ND 1466 ND ND ND ND ND 
9:44 198.2
342 
























ND ND ND ND ND 268427 ND ND 
9:47 161.1
329 


























































butyl-, ethyl ester  
C14H26N2
O2 






hydro-, decyl ester 
C18H34N2
O3 
ND ND ND 55074 ND ND 31864 ND 
9:56 152.0
469 


























C8H8O3 ND ND 152933 ND 45640 ND ND ND 
10:02 151.1
115 
 iso-Propyl levulinate C8H14O3 ND ND ND ND ND 856708 ND ND 
10:02 138.1
039 
2,3-Octanedione C8H14O2 ND ND ND ND ND 880579 ND ND 
10:06 175.1
356 




C12H16O4 ND ND ND ND ND ND 64522 ND 
10:07 127.0
394 








































ND ND 1155406 ND ND ND ND ND 
10:18 131.0
679 









oxo-, methyl ester 
C10H18O3 ND ND ND 246734 93835 70768 191379 ND 
10:22 155.1
067 
 Azelaaldehydic acid, 
methyl ester 










C11H20 149838 ND ND ND ND ND ND ND 
10:26 151.1
483 








































































































































dodecyl vinyl ester 










C9H18O ND ND ND ND ND ND 451095 ND 
10:46 113.0
961 





l)-, butyl ester 
C16H27N
O3 





C13H28 ND ND ND 629124 ND 265350 ND ND 
10:47 169.1
948 










hexyl propyl ester 















ND ND ND 64158 ND ND ND ND 
10:51 141.1
640 





























C19H34O2 ND ND ND ND ND ND ND ND 
10:57 150.1
037 

































ND ND 218616 ND ND ND ND ND 
11:01 190.1
713 




























































C7H12Cl4 ND ND ND ND ND 146862 ND ND 
11:18 182.2
030 





























ND ND ND 125230 ND ND ND ND 
11:18 154.1
717 
 Isothujol  C10H18O ND ND 1092596 ND ND ND ND ND 
11:18 210.2
342 
























































dimethyl pentyl ester 
C7H17O4
P 













ethyl ester  
C10H17N
O4 




































l acrylate  
C13H7F17
O2 



























































ND ND ND ND ND ND 2915148 ND 
11:40 204.1
870 










ND ND ND ND 34648 ND ND ND 
11:40 163.0
386 


















2-ynyl ester  
C18H32O
2 


























C6H16N2 ND ND ND ND 152927 ND 291417 ND 
11:55 140.1
194 

















































ND ND 56362 ND ND ND ND ND 
12:02 204.1
872 


































ethoxy-, ethyl ester 






















C12H21N ND ND ND 174007 ND ND ND ND 
12:07 180.1
144 
Olivetol C11H16O2 ND ND 123037 182348 ND ND ND ND 
12:07 180.1
148 






















































































C11H16O2 ND ND ND ND 476445 ND 1180997 ND 
12:20 211.2
421 


































C14H30 ND ND 833788 ND ND ND ND ND 
12:25 170.1
988 














C9H17N ND ND ND ND ND ND 30269 ND 
12:33 131.0
499 
Fumaric acid, decyl 
2-phenylethyl ester  


































































ND ND ND 25404 ND ND ND ND 
12:41 123.0
441 

























































































3-methylpentyl) ester  
C18H39O5
P 





































































methyl-, propionate  
C8H16O2 ND ND ND ND 163855 ND ND ND 
13:04 207.1
655 





C17H33Cl ND ND ND 1440066 ND 652401 ND ND 
13:04 206.1
622 

































C15H28O4 ND ND ND ND ND ND 119118 ND 
13:10 202.1
710 
Pentadecane C15H32 6808748 ND 942776 4529977 3722399 ND ND ND 
13:11 252.9
117 









ND 33348 ND ND ND ND ND ND 
13:12 203.1
443 




0 ND 50140454 ND ND ND ND ND 
13:12 202.1
710 
Diethyl Phthalate C12H14O4 47657 ND ND ND 143230 ND 83288 ND 
13:12 243.1
603 
Fumaric acid, nonyl 
tetrahydrofurfuryl 
ester 




7-one, 8,8-dichloro-  
C8H10Cl2
O 
ND ND ND ND ND 190200 ND ND 
13:12 173.1
173 





3-Methoxyhex-1-ene C7H14O ND ND ND 411193 ND ND ND ND 
13:14 225.2
533 
Fumaric acid, ethyl 
tetrahydrofurfuryl 
ester 





























































































methylethyl ester  





C15H30O2 ND ND 223965 106004 ND ND ND ND 
13:40 169.0
886 
















ND ND 143354 ND ND ND ND ND 
13:48 182.0
726 





















C15H22O4 ND ND ND ND ND ND 40793 ND 
13:50 196.2
180 

























C15H24O ND ND ND ND ND ND 273045 ND 
14:01 165.1
024 





C26H54 ND ND 1715201 999054 136020 ND ND ND 
14:02 141.1
637 




















































C15H20 64740 ND ND ND ND ND ND ND 
14:14 236.2
497 
7-Hexadecyne C16H30 ND ND ND ND ND 532226 ND ND 
14:14 182.0
957 










acid, methyl ester 































ND ND ND ND 160093 ND ND ND 
14:15 249.1
113 







ND ND ND ND ND 161031 ND ND 
14:19 238.2
658 
3-Eicosene, (E)- C20H40 ND ND 250728 840857 200915 ND ND ND 
14:19 262.7
224 








C25H40O6 42761 ND 6182566 ND ND ND ND ND 
14:20 92.06
23 
Toluene C7H8 ND 41223 ND ND DN ND ND ND 
14:23 199.9
374 






C16H28O4 ND ND ND 69779 ND ND ND ND 
14:25 191.1
795 
Adipic acid, isobutyl 
3-pentyl ester  























]-, trans-  





C10H20O ND ND ND ND ND 120826 ND ND 
14:30 156.0
796 
























C15H22O4 ND ND ND ND ND ND 367501 ND 
14:36 127.1
480 
Carbonic acid, decyl 
prop-1-en-2-yl ester 




















C14H20O4 ND ND ND 570373 ND ND ND ND 
14:37 193.1
223 















































































































ND ND ND ND 606299 ND ND ND 
15:02 57.07
00 













































































C19H40 ND ND 1986220 ND ND ND ND ND 
15:12 287.8
793 









C13H28 ND ND 1974384 ND ND ND ND ND 
15:12 181.0
493 
































C11H16O3 ND ND ND 51984 ND ND ND ND 
15:29 171.1
378 
Nonanoic acid  C9H18O2 ND ND ND ND ND ND 117544 ND 
15:32 225.2
578 







































ND ND ND ND ND ND 285436 ND 
15:38 166.1
344 






















5477 ND ND ND ND ND ND ND 
15:48 192.1
259 
5-Eicosene, (E)- C20H40 307289 ND ND 827248 247164 ND ND ND 
15:48 161.0
730 
9-Eicosene, (E)- C20H40 190102 ND ND 1360810 ND ND ND ND 
15:48 154.1
719 
E-15-Heptadecenal C17H32O ND ND ND ND ND ND ND ND 
15:48 181.1
948 
3-Octadecene, (E)- C18H36 ND ND 2248903 1554346 ND ND 544719 ND 
15:49 146.1
073 





C14H10 ND ND 168971 ND ND ND 41560 ND 
15:53 178.0
781 



































C17H33N ND ND ND ND ND ND 312082 ND 
16:13 230.2
196 




































































acid, diheptyl ester 




yn-4-yl isobutyl ester 












yn-4-yl nonyl ester 
C23H32O4 ND ND ND ND ND 68379 ND ND 
16:47 223.0
962 
















C16H30O2 ND ND 95104 ND ND ND ND ND 
16:50 164.1
188 

































C14H26O4 ND ND ND 227297 ND ND ND ND 
16:58 84.05
70 










C11H24O ND ND 179102 ND ND ND ND ND 
17:02 156.0
930 




















2-Tetradecanone C14H28O ND 51405 ND ND ND ND 288395 ND 
17:05 254.2
603 
2-Nonadecanone C19H38O ND ND ND ND 1107354 ND 603944 ND 
17:05 239.2
374 



































C22H38O4 ND ND ND ND ND 119163 ND ND 
17:19 249.2
582 









































































yl 3-octyl ester 






















C13H20O4 125743 ND 807162 ND ND ND ND ND 
17:46 227.2
009 
n-Hexadecanoic acid C16H32O2 ND ND ND ND ND 365620 6691449 ND 
17:47 223.0
968 












yn-4-yl nonyl ester 
























ND ND ND ND 3192901 ND ND ND 
17:48 236.1
047 
Phthalic acid, pentyl 
tridec-2-yn-1-yl ester 








ND ND ND ND ND ND 1083793 ND 
17:48 279.1
555 
Phthalic acid, butyl 
hexyl ester 








C16H34 ND ND 1006922 ND ND ND ND ND 
17:49 297.6
906 

















C14H14N2 ND ND 161146 ND ND ND ND ND 
17:56 126.1
400 




































































C24H48O2 ND ND 754931 ND ND ND ND ND 
18:03 199.1
696 
Decanoic acid, ethyl 
ester 











ND ND 69359 50126 ND ND 35682 ND 
18:06 286.8
744 










C19H38O2 ND ND 163434 128063 ND ND ND ND 
18:22 257.2
468 











































oxo-, ethyl ester 
C9H15N
O3 
ND ND ND ND ND ND ND ND 
18:58 285.8
761 




2-oxo-, methyl ester 

















































acid, methyl ester 





































C3H9N ND ND 325216 ND ND ND ND ND 
19:10 295.2
640 














































C12H22O ND ND ND ND ND ND 588754 ND 
19:16 179.1
796 
Phytol C20H40O ND ND ND ND ND ND 902142 ND 
19:22 298.2
873 
























col, 4TMS derivative 
C20H42O4
Si4 

























































acid, methyl ester, 
(E,E)- 




acid, ethyl ester 






C19H32O3 198986 ND ND ND ND ND ND ND 
19:47 227.2
008 







































































































































































































































































ND ND ND ND 27408 ND ND ND 
20:50 208.2
180 
1-Docosene C22H44 ND ND ND ND 1235509 ND ND ND 
20:50 287.8
782 
n-Tetracosanol-1 C24H50O ND ND ND ND 1453509 ND ND ND 
20:54 202.0
987 




289487 ND ND ND ND ND ND ND 
20:54 211.1
301 




















































































acid, 1-naphthyl ester 
C15H10O2
S 







ND ND ND 177561 ND ND ND ND 
21:26 262.0
821 












































































ND ND 75025 ND ND ND ND ND 
21:41 167.1
794 



































ND ND 20151 61267 ND ND ND ND 
21:45 244.1
566 


















C8H12O2 ND ND 1969107 ND 251262 ND ND ND 
21:46 112.1
249 




























ND ND ND ND ND ND 39347 ND 
21:57 273.1
484 
































































































ND ND 61632 ND ND ND 79403 ND 
22:21 305.0
793 
 Nemacur sulfoxide  C13H22N
O4PS 





































































C25H42 ND ND ND ND ND 394456 ND ND 
22:33 259.1
368 






hydroxy-, ethyl ester 





C14H30 ND ND 945639 ND ND ND ND ND 
22:34 343.2
299 
 1-n-Hexadecylindan C25H42 ND ND ND ND ND ND 2041696 ND 
22:35 119.0
336 





C19H38O4 ND ND ND 202558 ND ND ND ND 
22:42 299.2
582 

















C16H34 ND ND 219713 ND ND ND ND ND 
22:54 284.1
043 
Homopterocarpin C17H16O4 ND ND ND 814585 ND ND ND ND 
23:00 279.1
606 








































105223 ND ND ND ND ND ND ND 
23:14 298.1
203 












































ND ND 27763 ND ND ND ND ND 
23:19 233.1
147 
Hexacosane C26H54 596158,5 ND 869606 906257 756681 541716 4607199 ND 
23:20 196.2
191 
Dodecane, 1-iodo- C12H25I ND ND ND 1080114 ND ND ND ND 
23:26 270.0
888 



















































ND ND ND ND ND ND 13255 ND 
24:05 341.2
889 




927323 ND ND ND 671220 ND ND ND 
24:05 264.2
461 






















































phenyl ester  
C16H10O3
S 




hydroxy-, ethyl ester 
C11H8Cl
F3O2 














ND ND 191703 ND ND ND ND ND 
24:44 276.2
708 
Oleic acid amide C18H35N
O 




























ND ND 15615 ND ND ND ND ND 
25:19 420.3
544 













ND ND ND 196398 ND ND ND ND 
25:31 224.2
503 

































C28H43N ND ND 164436 ND ND ND ND ND 
26:11 417.3
718 


























C16H18O4 ND ND ND ND ND ND 94494 ND 
26:52 225.2
575 
Hexatriacontane C36H74 ND ND ND 1801398 402893 ND ND ND 
26:52 309.3
515 










C27H44O ND ND ND ND 215944 ND 152671 ND 
27:08 396.3
734 
Stigmasta-3,5-diene C29H48 201154 ND ND ND ND ND ND ND 
27:15 430.3
804 
dl-à-Tocopherol C29H50O2 65650 ND ND ND ND ND ND ND 
27:28 395.3
304 





C34H70 1127758 ND ND ND ND ND ND ND 
27:56 317.0
325 









C30H52O ND ND 75265 ND 1021475 ND ND ND 
28:35 391.0
512 
1,2-Dioctanoin C19H36O5 ND ND 159304 ND ND ND ND ND 
28:36 414.3
867 
á-Sitosterol C29H50O 163779 ND 987809 ND ND ND ND ND 
28:36 414.3
862 





Cycloartanyl acetate  C32H54O2 ND ND ND 234399 ND ND ND ND 
28:39 281.3
202 










3-ol, acetate, (3á)- 
C32H54O2 ND ND 424412 294356 553756 ND ND ND 
29:03 424.3
703 
Lup-20(29)-en-3-one C30H48O ND ND ND 450095 ND ND ND ND 
29:12 426.3
839 


















C5HF11O ND 50716 ND ND ND ND ND ND 
29:30 225.2
581 



























C45H65N3 ND ND ND 74554 ND ND ND ND 
 R.T. = Retention time, ND = Not detected, m/z = Mass spectrum. 
244 
 
Appendix 1. 2: LC-QTOF-MS raw spectral data. 
A number of compounds identified with LC-QTOF-MS is listed below as a Supplementary 
file. 
 























































































































































































































Supplementary file 1: Raw spectral data of metabolites from Penicillium chrysogenum. 
 
 
 
 
 
1,8-Diazacyclotetradecane-
2,9-dione 
Metoprolol 
Azafrin 
Messagenin 
 
258 
 
 
 
 
 
 
 
Petromyzonol 
6-Ethylchenodeoxycholic 
acid 
Methamphetamine 
Phenethylami
ne 
Amphetamine 
259 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Tubulysin B 
Dihydro-beta-erythroidine 
Ochrolifuanine A 
